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ABSTRACT

St. John’s wort (Hypericum perforatum L.) is a medicinal and aromatic plant of rapidly
increasing importance. The cultural production of this species, which is of economic
importance due to its medicinal properties, is limited. One of the main ways to
increase production is to develop cultivars. Thus, the homogeneous raw material
required for a standard product will be provided. This study aimed to determine the
characteristics of natural populations to obtain productive cultivars with high
hypericin and hyperforin that can meet market demands. In addition to yield and
quality values, other characteristic features of the plant such as flower diameter, petal
length and petal width, which directly affect productivity, were revealed in the study.
The study was conducted under field conditions for two years with three replications.
Fresh flower weight among the populations varied between 30.15 and 240.28 g/plant,
while the hypericin ratio varied between 51.32 and 105.31 (mg/100 g). The study
determined a wide variation among the populations, and the populations with
superior characteristics were included in the breeding program.

Subjects Agricultural Science, Biochemistry, Biodiversity, Plant Science, Natural Resource
Management
Keywords St. John’s wort, Selection, Cultivar, Yield, Quality

INTRODUCTION

Hypericum L. is the type and the largest genus of the family Hypericaceae, including
420-470 species, mostly herbaceous plants, shrubs, or rarely small trees or annual species
classified into 30-36 sections according to the most recent reviews (Crockett ¢ Robson,
2011). Depression is a neuropathological disorder that affects 3.8% of people. St. John’s
Wort (Hypericum perforatum L.) is a popular dietary supplement ingredient used in some
countries to treat mild to moderate depression. Recent pharmacological studies report that
St. John’s Wort extracts are effective in treating depression due to the presence of hypericin
and hyperforin (Lou et al., 2022; Wang et al., 2023). With the increasing knowledge about
the pharmacological activity of plant extracts, hypericin, hyperforin, and similar
compounds, interest in St. John’s wort has increased. For this reason, St. John’s wort has
become one of the most researched medicinal plants in the last two decades (Kaplan et al.,
2023). These studies have generally focused on the chemical content of the plant collected
from the natural flora and the pharmacological and clinical properties of the extracts.

How to cite this article Uysal Bayar F. 2024. Determination of natural populations to be included in breeding program in St. John’s wort
species (Hypericum perforatum L.). Peer] 12:¢18336 DOI 10.7717/peerj.18336


http://dx.doi.org/10.7717/peerj.18336
mailto:uysal.fatma@�tarimorman.gov.tr
https://peerj.com/academic-boards/editors/
https://peerj.com/academic-boards/editors/
http://dx.doi.org/10.7717/peerj.18336
http://www.creativecommons.org/licenses/by/4.0/
http://www.creativecommons.org/licenses/by/4.0/
https://peerj.com/

Peer/

With the increasing knowledge about the pharmacological activity of plant extracts,
hypericin, hyperforin, and similar compounds, interest in St. John’s wort has increased.
For this reason, St. John’s wort has become one of the most researched medicinal plants in
the last two decades (Kaplan et al., 2023). These studies have generally focused on the
chemical content of the plant collected from the natural flora and the pharmacological and
clinical properties of the extracts.

Although this medicinal and economic significant plant is widespread in the natural
flora, its production under cultivated conditions is limited. The available literature shows
that there is very little research on evaluating the bio-agronomic and phytochemical
response of H. perforatum to open field conditions. Most articles are based on plant
specimens collected from nature or plants grown under restricted conditions, mostly in
pots (Lazzara, Carrubba ¢ Napoli, 2021).

In recent years, a shortage of standard products has emerged with the increase in
demand for natural products. These standard products can only be provided with standard
materials. The main way to obtain standard material is to develop the right cultivation.
Some cultivars such as HyperMed, Elixir, Topaz, and others have been developed and
traded. The most widely used of these is the Topaz cultivar, developed in 1982 (Pospielov,
Pospielova & Semenko, 2023).

The quality of St. John’s wort may vary according to subspecies or cultivars,
geographical characteristics of the region, and harvest time (Verotta, 2003; Lazzara,
Carrubba & Napoli, 2021). Environment, genotype, or their interactions also affect the
plant’s chemical composition (Bagdonaiteé et al., 2010). Significant genotypic and
phenotypic differences can occur between populations (Walker et al., 2001). Therefore, it is
essential to identify genetic diversity and perform morphological and biochemical
characterizations to develop region-specific cultivars (Kaplan et al., 2023).

St. John’s wort is a species whose flowers are used. Therefore, the most important
observations affecting flower yield are observations related to flowers. Flower size and
density are the most important features affecting flower yield. Therefore, flower diameter
data were obtained in the study. Since the flower diameter feature will also be affected by
petal measurements, petal width and petal length measurements were made. In addition,
the number of flowering shoots, the distance between the buttonhole and the last flower
affect flower density. In addition, when St. John’s wort is harvested, approximately 1/3 of
the plant is harvested and these parts contain leaves. In general yield values, leaves are
located together with flowers. Large leaves are an undesirable situation as they will reduce
the flower ratio in general yield values. In other words, selecting large flower and small leaf
populations will be advantageous in terms of productivity. It is important to characterize
the available material in order to select the most suitable one for the purpose from the
variation created in breeding studies. In this study, it was aimed to obtain varieties with
high flower yield, high hypericin and hyperforin content, suitable for regions with
subtropical climate conditions such as Turkey. For this purpose, 18 populations collected
from the natural flora of Turkey were grown under equal field conditions and
characterized morphologically, and the prominent populations were included in the
breeding program.
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MATERIALS AND METHODS

Materials

Hypericum perfaratum seeds collected from its natural flora were used as material. Topaz
commercial cultivar was used as a control. Herbarium specimens of the material used in
the study are kept in the National Gene Bank of the Aegean Agricultural Research Institute
and the herbarium of Nezehat Gokyigit Botanical Garden. The location information of the
seeds collected from nature and the barcode numbers of the herbarium specimens are
given in Table 1.

Study area and climatic parameters

The study was conducted from 2021 to 2023 in the field of Bati Akdeniz Agricultural
Research Institute (36.56 °N, 30.53 °E, and altitude 28) in Turkey. Monthly average air
temperature and precipitation values for the experimental years are given in Table 2. In the
years 2022 and 2023, the total rainfall was about half of the long-year average. However,
since the experiment area was irrigated in a controlled manner, the study was not
negatively affected. There were no adverse effects on the other weather conditions that
would affect the study.

The soil in which the research was carried out is clay-loam, not salty, very high
calcareous, and strongly alkaline. Furthermore, the soil has low organic matter content,
high phosphorus, calcium, magnesium, moderate potassium, sufficient manganese, iron
and copper, and insufficient zinc.

Planting and growing conditions

Seeds collected from different populations were sown in germination boxes under
greenhouse conditions in October 2021. The obtained seedlings were planted in field
conditions in the spring of 2022 in three replications with four rows in each replicate at a
distance of 20 x 25 cm. The length of the rows was 2 meters and there were a total of 32
plants in each plot. Irrigation was done with a drip irrigation system when the soil
moisture was below the field capacity. Perennial mulch material was used for weed control.
No pesticides or fertilizers were used in cultivation. All populations were compared under
equal conditions. Visuals of the field studies are given in Fig. 1. In addition to parameters
such as plant height, stem number, stem diameter, leaf length, leaf width, distance between
the highest and lowest flowers, number of flowering shoots, flower diameter, petal length,
and petal width were determined before harvesting in accordance with UPOW criteria.
Harvesting was done in early June when more than 50% of the buds had flowered.
Harvesting was performed by cutting with scissors just below the first flowering (about 1/3
of the upper part of the plant). Fresh and dry flower weight was determined after
harvesting.

Analysis methods

The drying process was performed in an oven at 40 °C for 2 days. The amounts of
pseudohypericin, hypericin, and hyperforin were determined in the dried samples.
Analyses were performed according to Isacchi et al. (2007). According to this method,a 1 g
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Table 1 Location information of seeds collected from nature.

Population code Population name Coordinate and registration information Altitude (m) Barcode no
1-AL Sapadere/Alanya 36°29'14"N 32°18'3"E 378 NGBB 018001
4-KC Cesme/Kas 36°22'28"N 29°43'52"E 536 NGBB 018002
5-KGU Ugoluk/Gémbe/Kas 36°31'40"N 29°39'34"E 1,312 NGBB 018003
6-EA Between Gombe-Akgay/Kas 36°34'35"N 29°43'55"E 1,124 NGBB 018004
7-EC Cobanisa-Elmal1 36°51'59"N 30°1'43"E 1,188 NGBB 018004
8-KK Town/Kas 36°18'35"N 29°43'46"E 250 NGBB 018005
9-AY Altinyaka/Kumluca 36°33'42"N 30°20'41"E 926 NGBB 018006
10-MB Beskonak/Manavgat 37°10"11"N 31°11'11"E 166 NGBB 018007
11-MC Caltepe/Manavgat 37°18'44"N 31°12'8"E 485 NGBB 018008
12-SH Haskiziloren/Serik 37°29'14"N 30°98'32"E 990 NGBB 018009
13-AMI Murtici/Akseki 36°89'63"N 31°76'45"E 537 NGBB 018010
14-GC Rotten/Gundogmus 36°47'53"N 31°50'49"E 719 NGBB 018011
15-GU Umutlu/Gundogmus 36°46'56"N 32°0'30"E 886 NGBB 018012
16-GPD Doganca/Gazipasa 36°15'81"N 32°32'20"E 700 NGBB 018013
17-MU Mugla 36°96'60"N 28°68'86"E 704 NGBB 018014
18-BAL Balikesir 39°38'54"N 27°52'57"E 470 TR 55375
19-BIL Bilecik 40°09'31"N 29°58'33"E 1,788 TR 82501
20-KUT Kutahya 39°25'00"N 29°58'60"E 1,108 TR 71546

Table 2 Meteorological data of the experiment years.

Months Total precipitation (mm) Mean temperature (°C)

LYA* 2021 2022 2023 LYA* 2021 2022 2023
January 234.6 317.0 168.8 20.6 10.0 11.2 10.62 10.04
February 152.1 26.0 16.1 6.2 10.7 12.3 10.72 9.13
March 94.0 35.0 125.0 215.0 129 12.6 13.22 13.83
April 49.4 4.0 0.0 26.0 16.4 16.8 18.92 15.48
May 32.1 5.0 7.6 173.2 20.6 223 20.96 19.43
June 11.0 18.0 214 6.4 253 25.0 25.28 2391
July 4.5 0.0 0.0 0.2 28.5 29.7 28.76 30.03
August 4.5 1.0 2.2 0.0 28.4 28.3 27.17 27.50
September 16.6 24.0 0.0 7.2 25.2 24.7 24.22 24.86
October 67.9 14.0 25.6 4.4 20.6 20.6 20.31 20.94
November 132.1 382.0 89.8 0.03 15.5 17.6 15.19 20.71
December 261.2 236.0 8.20 123.0 11.6 13.3 12.48 12.89
Mean - - - - 18.8 19.5 18.99 19.06
Total 1,060.0 1,062.0 464.7 582.23 - - - -

Note:

* LYA: long year average (1930-2022).

sample was subjected to extraction with methanol. The extract was then clarified in a
cooled ultracentrifuge at 5,000 rpm for 5 min, passed through a 0.45 pum filter, and injected
into LC/MS-MS. The active substance composition of the samples was analyzed on a C18
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Figure 1 (A) Seedling production in the greenhouse, (B) general view of the experimental area, (C)
difference between populations. Full-size K&l DOT: 10.7717/peer;j.18336/fig-1

column (Zorbax SB-C18, HT 2.1 x 50 mm, 1.8 um), and the column temperature was
35 °C. Water: methanol (A, 95:5, 5 mM ammonium formate, 0.01% formic acid) and
methanol (B, 5 mM ammonium formate, 0.01% formic acid) were used as mobile phase
and the flow rate was 0.3 mL/min. Active substance analysis conditions are given in
Table 3.

Statistical analysis was performed using the JMP software (SAS Institute, Cary, NC,
USA). Means were compared by analysis of variance (ANOVA) and the LSD test at the p <
0.05 significance level.

RESULTS

The effects of different populations on plant height, stem diameter, leaf length, and leaf
width were significant in both years. The effect of populations on stem number was
significant in the first year but not significant in the second year (Table 4). The maximum,
minimum and average plant height, stem diameter, leaf length and leaf width values are
given in Table 5.

Plant height varied between 50.50 and 105.67 cm in the first year and between 38.00 and
115.00 cm in the second year. In the first year of the study, the highest number of stems
was obtained from the 19-BIL population, while in the second year, it was obtained from
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Table 3 Pseudohypericin, hypericin, and hyperforin analysis conditions.

Duration (minutes) A (%) B (%)
0.00 95 5
0.50 95 5
2.00 20 80
5.00 10 90
11.00 5 95
12.00 5 95
12.10 95 5
13.00 95 5
Table 4 Analysis of variance table for characteristics.
Parameters Source of Degrees of Mean squares F value P value
variation  freedom
Years 2022 2023 Mean 2022 2023 Mean 2022 2023 Mean 2022 2023 Mean
Plant height (cm) Block 2 2 2 297.41 297.41 90.89 5.60 5.60 332 0.0076 0.0076  0.0473
Population 18 18 18 1,088.15 1,088.15 1,390.20 20.49 20.49 50.84 <0.0001 <0.0001 <0.0001
Error 36 36 36 53.11 53.11 27.34
Number of stems (number of  Block 2 2 2 7.19 283.70 77.02 023 243 212 0.79 0.1028 0.1350
plants )-1 Population 18 18 18 5891 20123 6530 1.92 1.72 1.80 0.046 0.0816  0.0664
Error 36 36 36 30.64 116.97 36.36
Stem diameter (mm) Block 2 2 2 2.50 0.23 044 525 1.02 2.07 0.0100 0.3701 0.1415
Population 18 18 18 1.58 342 176  3.32 1521 826 0.0011 <0.0001 <0.0001
Error 36 36 36 0.48 0.22 0.21
Leaf length (mm) Block 2 2 2 9.50 0.86 147 186 0.13 045 0.1700 0.8808 0.6441
Population 18 18 18 13.98 26.49 1235 274 395 375 0.0049 0.0002  0.0004
Error 36 36 36 5.10 6.71 3.30
Leaf width (mm) Block 2 2 2 1.20 0.60 0.77 032 1.66 0.72 0.7253 0.2040 0.49
Population 18 18 18 4.36 1.63 137 117 451 129 03302 <0.0001 0.2509
Error 36 36 36 3.71 0.36 1.06
Distance between the highest ~ Block 2 2 2 14.78 9.08 348 092 1.86 060 04079  0.1699 0.5559
and lowest flowers (cm) Population 18 18 18 8337 3301 4597 519 677 7.89 <0.00001 <0.0001 <0.0001
Error 36 36 36 16.07 4.88 5.83
Number of flowering shoots Block 2 2 2 435 1.67 274 061 055 138 0.55 0.5844  0.2655
(Number) Population 18 18 18 16.60 9.81 940 235 320 472 001 0.0015 <0.0001
Error 36 36 36 7.07 3.07 1.99
Flower diameter (mm) Block 2 2 2 2.97 11.34 544 094 284 258 0.4001 0.0713  0.0900
Population 18 18 18 5.95 20.90 744 1.88 524 3,52 0.0522 <0.0001 0.0006
Error 36 36 36 3.16 3.99 2.11
Petal length (mm) Block 2 2 2 0.91 0.85 0.81 1.07 0.84 185 0.3544 0.4404 0.1716
Population 18 18 18 2.64 2.79 138 311 276 3.18 0.0019 0.0046  0.0015
Error 36 36 36 0.85 1.01 0.44
Uysal Bayar (2024), PeerdJ, DOI 10.7717/peerj.18336 6/14
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Table 4 (continued)

Parameters Source of Degrees of Mean squares F value P value
variation  freedom

Years 2022 2023 Mean 2022 2023 Mean 2022 2023 Mean 2022 2023  Mean

Petal width (mm) Block 2 2 2 0.65 0.31 020 167 047 0.63 02033 0.6300 0.5399
Population 18 18 18 0.89 3.33 140 229 498 447 0.0169 <0.0001 <0.0001
Error 36 36 36 0.39 0.67 0.31

Fresh flower weight g/plant Block 2 2 2 748.78 91837 61854 8.02 0.56 1.65 0.0013 05740 0.2058
Population 18 18 18 3,045.30 1,9817.48 9,770.36 32.63 12.17 26.10 <0.00001 <0.0001 <0.0001
Error 36 36 36 93.33 1,628.79 374.36

Dry flower weight g/plant Block 2 2 2 65.55 152.71 7152 449 048 094 00181  0.6255 0.4011
Population 18 18 18 437.59 4,123.05 1,651.04 29.99 12.84 21.63 <0.00001 <0.0001 <0.0001
Error 36 36 36 14.59 321.22 76.32

Pseudohypericin (mg/100 g) Block 2 2 2 300.23 143.09 8555 6.62 0.72 1.68 0.0036  0.4937 0.1998
Population 18 18 18 965.34  947.55 825.79 21.27 4.77 1626 <0.00001 <0.0001 <0.0001
Error 36 36 36 45.38 198.72 50.78

Hypericin (mg/100 g) Block 2 2 2 862.60 21592 48080 6.50 1.63 957 0.0039 02092 0.0005
Population 18 18 18 288.53 1,265.20 564.73 2.17 9.58 11.21  0.0233 <0.0001 <0.0001
Error 36 36 36 132.70 132.09 50.22

Hyperforin (g 100 g ") Block 2 2 2 0.04 0.26 0.14 020 1.02 127 0.8221 0.3715 0.2943
Population 18 18 18 1.00 1.22 1.02 467 475 9.24 <0.00001 <0.0001 <0.0001
Error 36 36 36 0.21 0.26 0.11

Table 5 Mean, minimum, maximum values and standard deviations of average plant height, stem
number, stem diameter, leaf length and leaf width for individual levels.

Parameter/Traits Plant height Stem number Stem diameter Leaf length Leaf width
Mean 75.52 19.87 3.85 15.17 4.25
Minimum 40.00 6.34 2.10 10.70 2.8
Maximum 109.58 42.25 5.80 20.00 10.9
Standard deviation 21.63 6.87 0.85 2.47 1.07
Coefficient of variation (%)  28.64 34.56 22.09 16.31 25.12

N 57 57 57 57 57

12-SH. The populations responded differently in stem formation after mowing in the first

year. While the 20-KUT population formed about four times more shoots after the first
year of harvesting, the number of shoots was almost halved in the 8-KK population.
The stem obtained in all populations was thicker than the Topaz cultivar used as a

control. Throughout the study, leaf length varied between 9.46 and 22.30 mm, while leaf
width varied between 1.95 and 7.82 mm (Table 6).
The effects of different populations on inflorescence length, number of flowering shoots,

petal length, and petal width were significant in both years. While the effect of populations
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Table 6 Plant height, stem number, stem diameter, leaf length, and leaf width data.

Population/ Plant height Stem number (Number/plant)  Stem diameter Leaf length Leaf width
Parameter  (cm) (mm) (mm) (mm)

Year 2022 2023 Mean 2022 2023 Mean 2022 2023 Mean 2022 2023 Mean 2022 2023 Mean
1-AL 103.33 110.83 107.08 15.33 22.78 19.06 494 558 526 16.04 22.30 19.17 441 520 4381
4-KC 57.67 6317 60.42 10.50 32.83 21.67 359 382 3705 1265 2031 1648 3.55 521 438
5-KGU 5533 3950 4742 9.50 30.50 20.00 448 270 3.59 14.79 1294 13.87 439 345 392
6-EA 59.33 6422 61.78 17.50 25.89 21.70 389 319 354 1250 15.11 13.81 4.09 458 434
7-EC 66.67 6434 6551 19.50 28.56 24.03 336 374 3.55 1253 1288 12.71 348 4.66 4.07
8-KK 71.00 5833  64.67 16.17 9.83 13.00 408 290 349 14.53 1426 1440 5.03 436 4.70
9-AY 50.50  38.00 44.25 19.90 20.00 19.95 409 263 336 11.83 1299 1241 417 328 3.73
10-MB 75.67  66.89 7128 17.50 27.83 22.67 380 442 411 18.80 17.90 18.35 452 3.62 4.07
11-MC 61.83 63.22 6253 16.33 41.67 29.00 331 365 348 14.39 14.37 1438 3.83 420 4.02
12-SH 99.18 110.06 104.62 18.67 31.11 24.89 406 6.64 535 1542 20.24 17.83 480 554 517
13-AMI 84.83  80.00 8242 14.50 27.78 21.14 3.67 4.05 3.86 1491 1334 1413 334 378 3.56
14-GC 7517 7639 7578 18.17 25.17 21.67 397 457 427 1529 1833 16.81 371 420 3.96
15-GU 68.33 59.72 64.03 18.17 17.00 17.59 354 290 322 16.76 14.42 15,59 3.16 442 3.79
16-GPD 96.00 9517 9559 18.00 13.33 15.67 534 373 4535 1630 1737 16.84 430 500 4.65
17-MU 105.67 9933 102.50 12.00 27.67 19.84 511 5.08 5.095 16.07 13.60 14.84 5.03 343 4.23
18-BAL 102.33 115.00 108.67 20.67 22.33 21.50 374 503 4385 1287 1730 15.09 7.82 464 6.23
19-BIL 61.33  49.00 55.17 21.67 21.67 21.67 335 227 281 12.52 1254 1253 338 397 3.68
20-KUT 95.67 111.00 103.34 6.33 23.33 14.83 390 539 4645 1354 18.83 16.19 262 591 427
21-TOPAZ 52.67 62.64 57.66 8.00 7.67 7.84 217 207 212 946 16.06 1276 195 441 3.18

on flower diameter was not significant in the first year, it was significant in the second year
(Table 4). The maximum, minimum and average inflorescence length, flower shoot
number, petal length and petal width measurements are given in Table 7. Distance between
the highest and lowest flowers varied between 8.67 and 27.00 cm in the first year and
between 5.00 and 18.44 cm in the second year. In the second year, flowering length was
shorter except for 8-KK and 10-MB in all populations. The number of flowering shoots is
one of the traits affecting yield. While the highest number of flowering shoots was obtained
from 12-SH in the first year, the highest number was obtained from 1-AL in the second
year. While the largest flower diameter was obtained from 19-BIL in the first year, it was
obtained from 18-BAL in the second year. In the first year, the flower diameter of all
populations was larger than TOPAZ, which was used as a control. In the second year, 14
populations exceeded the control in terms of flower diameter. As expected, the longest and
shortest petals were determined in the same populations in direct proportion to the flower
diameter. Petal width varied between 4.87 and 6.89 mm in the first year and 2.82 and
5.99 mm in the second year (Table 8).

The effect of different populations on fresh flower weight, dry flower weight,
pseudohypericin, hypericin, and hyperforin content was significant in both years (Table 4).
The maximum, minimum and average fresh flower weight, dry flower weight,
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Table 7 Mean, minimum, maximum values and standard deviations of average distance between the highest and lowest flowers, number of
flowering shoots, flower diameter, petal length and petal width for individual levels.

Parameter/Traits Distance between the highest Number of flowering Flower diameter Petal length Petal width
and lowest flowers Shoots

Mean 9.63 9.73 4.76 12.64 5.32
Minimum 7.50 8.00 4.40 11.20 4.00
Maximum 11.80 12.00 5.20 14.20 6.70
Standard deviation 2.15 2.05 0.20 0.88 0.81
Coefficient of variation (%) 22.32 21.09 4.28 6.93 15.31

N 57 57 57 57 57

Table 8 Distance between the highest and lowest flowers, number of flowering shoots, flower diameter, petal length, petal width data.

Population/ Distance between the Number of flowering Flower diameter (mm) Petal length (mm) Petal width (mm)
Parameter  highest and lowest Shoots (Shoots/Stem)

flowers (cm)
Year 2022 2023 Mean 2022 2023 Mean 2022 2023 Mean 2022 2023 Mean 2022 2023 Mean
1-AL 21.33 1433 17.83 10.67  14.22 12.45 23.77 24.09 23.93 13.14 1337 1326 625 583 6.04
4-KC 11.17 8.11 9.64 7.00 8.11 7.56 23.78 24.79 24.29 13.85 1342 13.64 638 585 6.12
5-KGU 20.33 7.50 13.92 12.00 9.50 10.75 21.63 20.80 21.22 1259 1247 1253 546 282 4.14
6-EA 12.83 9.87 11.35 10.00 10.11 10.06 23.28 22.14 22.71 13.23 1252 1288 554 599 577
7-EC 13.00 833  10.67 9.17 9.78 9.48 24.72 22.48 23.60 1280 12.73 1277 685 588 6.37
8-KK 8.67 9.78 9.23 10.67 8.83 9.75 22.97 18.23 20.60 1246 11.70 12.08 555 4.01 4.78
9-AY 10.17 6.33 8.25 7.83 6.00 6.92 24.47 18.43 21.45 1329 11.05 12.17 550 297 424
10-MB 11.33 12.11 11.72 11.17 12.28 11.73 26.67 23.31 24.99 13.71 13.22 1347 6.05 513 559
11-MC 11.33 10.78 11.06 11.17 10.22 10.70 25.15 20.01 22.58 13.85 12.05 1295 6.17 489 5.3
12-SH 23.18 18.44  20.81 15.50 12.83 14.17 2391 22.20 23.06 11.57 11.83 11.70 6.89 533 6.11
13-AMI 14.83 10.33 12.58 12.00 8.67 10.34 25.93 21.18 23.56 1393 12,58 1326 569 478 524
14-GC 1517 10.06 12.62 10.33 10.06  10.20 24.99 19.47 22.23 13.74 10.79 1227 592 501 547
15-GU 1733 1339 15.36 14.00 10.11 12.06 24.45 15.46 19.96 13.17 11.12 1215 621 337 4.79
16-GPD 18.00 10.50 14.25 11.00 11.00 11.00 23.30 21.12 22.21 12.84 12.06 1245 585 539 562
17-MU 22.33 14.67 18.50 13.00 11.00 12.00 22.83 23.55 23.19 11.85 12.79 1232 527 5.81 5.54
18-BAL 21.00 15.33 18.17 13.00 10.67 11.84 23.21 26.03 24.62 11.39 1335 1237 510 522 5.16
19-BIL 11.00 5.00 8.00 15.33 11.33 13.33 26.77 24.36 25.57 14.87 13.17 14.02 633 434 534
20-KUT 27.00 12.33 19.67 7.67 11.67 9.67 23.80 21.72 22.76 12.17 13.05 12.61 588 484 536
21-TOPAZ 13.00 10.19 11.60 11.33 10.36 10.85 21.57 18.98 20.28 11.65 10.17 1091 487 3.02 395

pseudohypericin, hypericin and hyperforin values are given in Table 9. The main objective
in cultivation is to obtain a high yield. While the highest yield (130 g plant™") was obtained
from 20-KUT in the first year of the study, the highest yield (351.67 g plant™') was
obtained from 18-BAL in the second year. Fresh flower weight increased in the second year
in all populations except 19-BIL.
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Table 9 Mean, minimum, maximum values and standard deviations of average fresh flower weight, dry flower weight, pseudohypericin,
hypericin and hyperforin for individual levels.

Parameter/Traits Fresh flower weight Dry flower weight Pseudohypericin Hypericin Hyperforin
Mean 86.63 46.43 70.95 66.17 1.77
Minimum 73.50 12.00 38.00 47.00 1.30
Maximum 102.20 105.60 123.90 111.00 2.10
Standard deviation 14.50 24.13 17.35 15.19 0.18
Coefficient of variation (%) 16.74 51.98 24.45 22.96 10.26

N 57 57 57 57 57

Table 10 Fresh flower weight, dry flower weight, pseudohypericin, hypericin, and hyperforin data.

Population/ Fresh flower weight Dry flower weight Pseudohypericin Hypericin Hyperforin g 100 g*
Parameter (g plant™ (g plant™) (mg/100 g™*) (mg/100 g™")

Year 2022 2023 Mean 2022 2023 Mean 2022 2023 Mean 2022 2023 Mean 2022 2023 Mean
1-AL 80.08  211.11 145.60  31.90 91.19 61.55 58.86 80.60 69.73  66.39 144.23 105.31 3.99 357 3.78
4-KC 41.84 131.46 86.65 15.18 51.78 33.48 73.90 97.42 85.66 53.02 67.09 60.06 3.15 2.56 2.86
5-KGU 11.30 49.00 30.15 4.21 22.83 13.52 72.42 82.33 7738 49.03 5596 52.50 342 3.23 3.33
6-EA 52.10 101.35 76.73  19.81 40.14 29.98 82.19 97.05 89.62 55.89 7135 63.62 3.74 3.89 3.82
7-EC 42.59 88.96 65.78 15.28 33.52 2440 10425 124.10 114.18 68.02 6690 6746 3.68 420 3.94
8-KK 50.10 184.11 117.11  20.94 88.48 54.71 60.46 76.83 68.65 46.72 5592 51.32 348 3.78 3.63
9-AY 15.01 40.97 27.99 5.65 18.50 12.08 61.63 54.02 57.83 56.35 6537 6086 2.57 211 234
10-MB 60.77  208.70 13474  23.36 86.00 54.68 58.70 69.74 64.22 66.12 68.23 67.18 250 2.84 2.67
11-MC 55.85 20223 129.04 21.09 88.37 54.73 67.29 64.05 65.67 5092 56.63 53.78 236 239 2.38
12-SH 69.19 25250 160.85 26.80 111.25 69.03 71.31 93.97 82.64 5258 7327 6293 3.19 335 327
13-AMI 72.66  199.21 13594  27.97 98.22 63.10 44.40 75.72 60.06 4698 59.24 53.11 3.03 324 3.14
14-GC 88.05  236.07 162.06 3443 108.30 71.37 7294 107.30 90.12 70.74 95,51 83.13 2.60 290 2.75
15-GU 42.19 82.73 6246  16.56 36.20 26.38 57.45 89.10 7328 61.14 6538 6326 2.12 252 232
16-GPD 81.93 15295 11744 31.38 69.45 50.42 44.99 78.77 61.88 53.42 7343 6343 3.89 435 4.12
17-MU 91.00 16090 12595 3581 66.53 51.17 54.75 83.99 69.37 8190 9045 86.18 3.54 3.60 3.57
18-BAL 128.89  351.67 240.28 4826 157.70  102.98 52.44 82.41 6743 73.45 85.70 79.58 3.37 3.50 3.44
19-BIL 41.84 31.47 36.66 5.65 10.61 8.13 35.42 48.98 4220 5435 56.68 55.52 218 231 2.25
20-KUT 130.00 161.59  145.80 47.53 70.40 58.97 24.18 69.43 46.81 62.73 7343 68.08 333 326 3.30
21-TOPAZ  49.33 131.64 90.49 2148 63.12 42.30 46.09 76.60 6135 52.04 67.87 5996 3.17 290 3.04

Quality is as important as yield in cultivation. Pseudohypericin, hypericin, and

hyperforin are the most important factors affecting the quality of St. John’s wort. The

highest population of pseudohypericin was determined in 7-EC in both years. Hypericin
was the highest in 17-MU in the first year and 14-GC in the second year. The lowest
hypericin rate was detected in 8-EC in both years. Hyperforin varied between 2.12 g
100 g ' and 3.99 g 100 g " in the first year and between 2.11 g 100 g ' and 4.35g 100 g " in
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Figure 2 The hyperforin chromatogram of the standard sample and the real sample. Full-size K&] DOT: 10.7717/peerj.18336/fig-2

the second year (Table 10). Additionally, the hyperforin chromatogram of the standard
sample and the real sample is given in Fig. 2.

DISCUSSION

The plant height, stem number, and stem diameter values obtained in this study are similar
to studies of Radusiené, Bagdonaite ¢ Kazlauskas (2004), Riazi et al. (2011), and Lazzara,
Carrubba ¢ Napoli (2021). However, the upper value of the stem number was determined
to be lower than the upper value of the study conducted by Riazi et al. (2011) in Iran. This
situation may be explained by ecological or genotypic differences, as well as different
cultural treatments or counting methods. The leaf width and length findings were similar
to Riazi et al. (2011) but narrower and shorter than the values obtained by Radusien,
Bagdonaite & Kazlauskas (2004).

The data about flowers are in agreement with Radusiené, Bagdonaite ¢» Kazlauskas
(2004), Bagdonaiteé et al. (2007), and Riazi et al. (2011). However, the distance between the
highest and lowest flowers is considerably shorter than that obtained by Islam et al. (2021).
Petal width was similar to Radusiené, Bagdonaite ¢» Kazlauskas (2004), while different
results were obtained for petal length. The mean petal length of the five genotypes used as
material in the study was longer than that obtained by Radusiené, Bagdonaite &
Kazlauskas (2004). Petal length affects flower diameter, which is one of the important
parameters affecting flower yield. Since the most important feature affecting flower yield is
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flower diameter, flower diameter data were obtained. Since the flower diameter feature will
also be affected by petal measurements, petal width and petal length measurements were
made. In addition, when St. John’s wort is harvested, the flowering parts (approximately 1/
3 of the plant) are harvested and this part also includes leaves. In general yield values,
leaves are included with flowers. Large leaves are undesirable as they will reduce the flower
ratio in general yield values. It is important to select large flower and small leaf
populations.

Although the yield values of some of the genotypes in the study were similar to Pluhar,
Berndth ¢» Németh (2002) and Lazzara, Carrubba ¢ Napoli (2021), the yields of 1-AL, 8-
KK, 10-MB, 11-MC, 12-SH, 13-AMI, and 14-GC were approximately two times higher.
The yield obtained from 18-BAL was about three times higher.

Some of the results obtained in terms of pseudohypericin were similar to Pluhqdr,
Berndth & Németh (2002) but lower than Bagdonaité et al. (2010) and Rychlewski et al.
(2023). The hypericin content of the populations in the study was similar to Pluhdr,
Berndth & Németh (2002), Bagdonaité et al. (2007), Cirak et al. (2007), and Rychlewski et al.
(2023). The 1-AL population with the highest average hyperforin ratio in the study was
among the values obtained by Bagdonaité et al. (2010). The hyperforin ratio obtained in the
study is similar to that obtained by Butterweck et al. (2003) in aqueous ethyl alcohol
extract. In the literature, the hyperforin ratio was generally determined in extracts, and no
studies have determined it in plant material.

The different results obtained may be due to genetic and environmental factors,
seasonal variations, growing conditions, post-harvest processing, analyzing methods,
etc., Bagdonaité et al. (2010) stated that the quality and quantity of components in
H. perforatum depend on several factors. Cortés, Lopez-Herndndez ¢ Blair (2022) and
Cortés & Barnaby (2023) demonstrated that using innovative tools to accelerate
prebreeding and discover adaptation sources by genotype from landraces, wild crop
relatives and orphan crops is an important prerequisite to accelerate the genetic gain of
abiotic stress tolerance. They also argued that there is a need to update current GEA
(genome-environment associations) models to predict both regional and local or
microhabitat-based adaptation with mechanistic ecophysiological climate indices and the
latest GWAS-type genetic association models.

CONCLUSIONS

In conclusion, the study’s findings indicate that H. perforatum has great biochemical and
morphological variability. The excess in plant biomass and flowering length in some
populations is promising for breeding studies. Population number seven, which has
approximately two times more pseudohypericin than the cultivar used as a control, and
population number 14, which has 50% more hypericin content than the control, were
included in the breeding study to be crossed with high-yielding genotypes.

Additionally, we believe that the results obtained in the study will aid future studies to
combine evolutionary adaptive predictions with innovations in ecological genomics such as
GEA, which uses such innovative approach models to capture latent genetic adaptations to
abiotic stresses based on crop germ plasm resources to support responses to climate change.

Uysal Bayar (2024), PeerJ, DOI 10.7717/peerj.18336 12/14


http://dx.doi.org/10.7717/peerj.18336
https://peerj.com/

Peer/

ADDITIONAL INFORMATION AND DECLARATIONS

Funding

This work was supported by the Turkish Ministry of Agriculture and Forestry, General
Directorate of Agricultural Research and Policies, Project No. TAGEM/TBAD/B/20/A7/
P6/5286. The funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Grant Disclosures

The following grant information was disclosed by the authors:

Turkish Ministry of Agriculture and Forestry, General Directorate of Agricultural
Research and Policies: TAGEM/TBAD/B/20/A7/P6/5286.

Competing Interests
The author declares that they have no competing interests.

Author Contributions

 Fatma Uysal Bayar conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:
The raw data is available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.18336#supplemental-information.

REFERENCES

Bagdonaité E, Janulis V, Ivanauskas L, Labokas J. 2007. Ex situ studies on chemical and
morphological variability of Hypericum perforatum L. in Lithuania. Biologija 53(3):754.

Bagdonaité E, Martonfi P, Repéak M, Labokas J. 2010. Variation in the contents of
pseudohypericin and hypericin in Hypericum perforatum from Lithuania. Biochemical
Systematics and Ecology 38(4):634-640 DOI 10.1016/j.bse.2010.08.005.

Butterweck V, Christoffel V, Nahrstedt A, Petereit F, Spengler B, Winterhoff H. 2003.
Step by step removal of hyperforin and hypericin: activity profile of different
Hypericum preparations in behavioral models. Life Sciences 73:627-639
DOI 10.1016/S0024-3205(03)00314-X.

Cirak C, Radusiené J, Karabiik BS, Janulis V. 2007. Variation of bioactive substances and
morphological traits in Hypericum perforatum populations from Northern Turkey. Biochemical
Systematics and Ecology 35(7):403-409 DOI 10.1016/j.bse.2007.01.009.

Cortés AJ, Lopez-Hernandez F, Blair MW. 2022. Genome-environment associations, an
innovative tool for studying heritable evolutionary adaptation in orphan crops and wild
relatives. Frontiers in Genetics 13:910386 DOI 10.3389/fgene.2022.910386.

Uysal Bayar (2024), PeerdJ, DOI 10.7717/peerj.18336 13/14


http://dx.doi.org/10.7717/peerj.18336#supplemental-information
http://dx.doi.org/10.7717/peerj.18336#supplemental-information
http://dx.doi.org/10.7717/peerj.18336#supplemental-information
http://dx.doi.org/10.1016/j.bse.2010.08.005
http://dx.doi.org/10.1016/S0024-3205(03)00314-X
http://dx.doi.org/10.1016/j.bse.2007.01.009
http://dx.doi.org/10.3389/fgene.2022.910386
http://dx.doi.org/10.7717/peerj.18336
https://peerj.com/

Peer/

Cortés AJ, Barnaby JY. 2023. Harnessing genebanks: High-throughput phenotyping and
genotyping of crop wild relatives and landraces. Frontiers in Plant Science 14:1149469
DOI 10.3389/fpls.2023.1149469.

Crockett SL, Robson NK. 2011. Taxonomy and chemotaxonomy of the genus Hypericum.
Medicinal and Aromatic Plant Science and Biotechnology 5(Special Issue 1):1-13.

Isacchi B, Bergonzi MC, Carnevali F, Van Der Esch SA, Vincieri FF, Bilia AR. 2007. Analysis
and stability of the constituents of St. John’s wort oils prepared with different methods. Journal
of Pharmaceutical and Biomedical Analysis 45:756-761 DOI 10.1016/j.jpba.2007.08.025.

Islam T, Nissar S, Majeed N, Magray JA, Nawchoo IA, Wani BA. 2021. Impact of habitat
variability on phenotypic attributes of Hypericum Perforatum L. along an elevational gradient in
Kashmir Himalaya. Journal of Advanced Applied Scientific Research 3(1):112.

Kaplan M, Say R, Koprii S, Karaman K, Sunulu S, Yilmaz MM. 2023. Morphological,
physicochemical, and bioactive characteristics of Hypericum perforatum genotypes, and their
classification by GT-Biplot approach. Biochemical Systematics and Ecology 111:104721
DOI 10.1016/j.bse.2023.104721.

Lazzara S, Carrubba A, Napoli E. 2021. Cultivating for the industry: cropping experiences with
Hypericum perforatum L. in a Mediterranean environment. Agriculture 11(5):446
DOI 10.3390/agriculture1 1050446.

LouH, MaF, Yi P, Hu Z, Gu W, Huang L, He W, Yuan C, Hao X. 2022. Bioassay and UPLC-Q-
Orbitrap-MS/MS guided isolation of polycyclic polyprenylated acylphloroglucinols from St.
John’s wort and their neuroprotective activity. Arabian Journal of Chemistry 15:104057
DOI 10.1016/j.arabjc.2022.104057.

Pluhar Z, Bernath J, Németh E. 2002. Investigations on the infraspecific variability of Hypericum
perforatum L. Journal of Herbs, Spices & Medicinal Plants 9(2-3):83-88
DOI 10.1300/]J044v09n02_12.

Pospielov S, Pospielova G, Semenko M. 2023. Problems of plantation growing of St. John’s wort
(Hypericum Perforatum L.). Sworld-Us Conference Proceedings 18-01:58-60
DOI 10.30888/2709-2267.2023-18-01-012.

Radusiené J, Bagdonaite E, Kazlauskas S. 2004. Morphological and chemical evaluation on
Hypericum perforatum and H. maculatum in Lithuania. Acta Horticulturae 629:55-62
DOI 10.17660/ActaHortic.2004.629.7.

Riazi A, Majnoun HN, Naghdi BH, Naghavi MR, Rezazadeh S, Ajani Y. 2011. The study of
morphological characteristics of St. John’s wort (Hypericum perforatum L.) populations in Iran’s
natural habitats. Journal of Medicinal Plants 10(39):49-64.

Rychlewski P, Kamgar E, Mildner-Szkudlarz S, Kowalczewski PT, Zembrzuska J. 2023.
Determination of the contents of bioactive compounds in St. John’s wort (Hypericum
perforatum): comparison of commercial and wild samples. Open Chemistry 21(1):20220347
DOI 10.1515/chem-2022-0347.

Verotta L. 2003. Hypericum perforatum, a source of neuroactive lead structures. Current Topics in
Medicinal Chemistry 3(2):187-201 DOI 10.2174/1568026033392589.

Walker L, Sirvent T, Gibson D, Vance N. 2001. Regional differences in hypericin and
pseudohypericin concentrations and five morphological traits among Hypericum perforatum
plants in the northwestern United States. Canadian Journal of Botany 79(10):1248-1255
DOI 10.1139/b01-103.

Wang L, Ibi A, Chang C, Solnier JA. 2023. New UHPLC analytical method for St. John’s wort
(Hypericum perforatum) extracts. Separations 10(5):280 DOI 10.3390/separations10050280.

Uysal Bayar (2024), PeerJ, DOI 10.7717/peerj.18336 14/14


http://dx.doi.org/10.3389/fpls.2023.1149469
http://dx.doi.org/10.1016/j.jpba.2007.08.025
http://dx.doi.org/10.1016/j.bse.2023.104721
http://dx.doi.org/10.3390/agriculture11050446
http://dx.doi.org/10.1016/j.arabjc.2022.104057
http://dx.doi.org/10.1300/J044v09n02_12
http://dx.doi.org/10.30888/2709-2267.2023-18-01-012
http://dx.doi.org/10.17660/ActaHortic.2004.629.7
http://dx.doi.org/10.1515/chem-2022-0347
http://dx.doi.org/10.2174/1568026033392589
http://dx.doi.org/10.1139/b01-103
http://dx.doi.org/10.3390/separations10050280
http://dx.doi.org/10.7717/peerj.18336
https://peerj.com/

	Determination of natural populations to be included in breeding program in St. John’s wort species (Hypericum perforatum L.)
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


