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Research article

Novelties in the genus Cerastium (Caryophyllaceae) in Turkey

Mustafa Keskin®

! Marmara University, Institute of Pure and Applied Sciences, Biology Program, 34722, Goztepe, Istanbul, Turkey

Abstract

The novelties of the genus Cerastium in Turkey were presented in the study along with the description of three new taxa:
Cerastium comatum var. longipedicellatum, C. inflatum var. longum, and C. semidecandrum var. delicatum. So, two new
combinations have been made for the first time. Distribution records of all mentioned taxa, along with photographs of the new taxa,

were also provided.
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1. Introduction

Caryophyllaceae Juss. is a large family, more frequent in
the temperate regions of Northern Hemisphere (Bittrich 1993).
The genus Cerastium L. belongs to the subfamily Alsinoideae
Fenzl. This genus is represented with about 31 species (Cullen
1968; Davis 1988), and later Keskin (2012) reported 36 species
from Turkey.

During a taxonomic revision of the genus Cerastium for
New Illustrated Turkish Flora, three different taxa were seen in
Herbarium of the Faculty of Pharmacy of Istanbul University
(ISTE) and Ege University Faculty of Science Herbarium
(EGE). The first two taxa are separated from the C. comatum L.
and C. inflatum Link ex Boiss. by their longer pedicels. The third
taxon is isolated from C. semidecandrum L. by the short stem,
short and non-recurved pedicel, etc.

In this article, three new taxa (Cerastium comatum var.
longipedisellatum, C. inflatum var. longum, and C.
semidecandrum var. delicatum) were introduced to the world of
science and two new combinations (C. ligusticum var. dominicii
and C. dichotomum var. saccardoanum) were made.

2. Materials and methods

The studied materials in ISTE and EGE herbaria were
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examined.

The vegetative and reproductive characteristics of
specimens were checked by stereomicroscope. Samples were
evaluated using several local, and neighboring Floras (Shishkin
1936; Jalas and Whitehead 1964; Cullen 1967; Strid (1997);
Moschl 1988), also checked related articles (Grenier, 1841;
Keskin and Cirpici 2006).

3. Results
3.1. Cerastium comatum Desv. J. Bot. Agric. 3(5): 228 (1816)

Annual, 1-12(-20) cm high. Stems more branched from the
base and divaricately, covered retrorsely hairy. Nods longer than
leaves. Leaves obovate-oblong to spathulate at base; others
narrowly obovate to oblong, 5-10 x 2.5-4 mm, oblong-ovate,
obovate, thin hairy, somewhat congested at the base.
Inflorescences loose with a few flowers. Pedicels 2-13 mm,
shorter than sepals or rarely longer than sepal, hairy-like stem.
Sepals 4-5 mm, linear-lanceolate, margin without scarious
margin or very narrow; hairs longer than sepals. Petals 2.5-4
mm, shorter than sepals, clav glabrous. Filaments glabrous at
base. Capsule shorter than sepals, teeth very short. Seeds small
and dark brown.

It is a very different taxon with long and mainly patent
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calyx hairs and pored fruiting capsules due to very small teeth.
This taxon, which little known species was introduced to the
world of science with a short description (Cerastium comatum,
Nob. Annuuin, pilosum: caule erecto aut diffuso, piloso: pilis
reflexis; foliis ob-ovato-spathulatis; calice piloso-crinito: pilis
sub-in-flexis. Habitat in Oriente.) by Desvaux (1814).

It is related to the C. illyricum but is easily distinguished
by long sepals with wide scarious margin and its hairs not
exceeding apex; petals are nearly equaling sepals.

3.1.1. var. comatum (Fig. 1. A and B)

Stems more branched from the base and divaricately.
Pedicels 2-10 mm, shorter than sepals or rarely longer than
sepal. Sepals 4-5 mm, linear-lanceolate, without scarious margin
or very narrow. Capsule shorter than sepals.

Examined materials in Turkey:

Balikesir: Ayvalik, South of Giines Island, Yumurta
island, 16.iv.1998, 5 m, K.Alpwmar (ISTE 75011!). Marmara
Islands, east of center, -hills above lime quarries- 8.v.1971,
A.Baytop, G.Ertem, F.Oktem (ISTE 19633!). Marmara Island,
Tops the road from the village of Palaces to the top of the Radar,
1.v.1978, 360 m, E.Tuzlac1 (ISTE 39263!). Denizli: Babadag,
near to Altindere Village, 3.vi.1980, 800 m, E.Tuzlaci,
T.Celebioglu (ISTE 44509!). istanbul: Adalar, Burgazada,
iv.1910, S.Selinka (ISTF 15!). Sariyer, Rumeli Feneri, Kale
District, 29.iv.2003, M. Keskin 2623!. izmir: Dilek Peninsula,
1500 m, 25.v.1995, T.Ekim (GAZI 9437'). Manisa Mount,
13.vi.1986, ¢.1500 m, A.Baytop, B.Cubukc¢u, T.Avcigil (ISTE
9983!). Odemis, Keldag -forest openings-, 31.v.1980, 1200m,
E.Tuzlaci, T.Celebioglu (ISTE 44370!). Selguk Way, 10 km to
Selguk, 9.iv.1971, A. and T. Baytop (ISTE 19089!). Mugla:
Ortaca, Dalyan, Ariktag Mah. Goktepe, shrubs, limestone land,
19.iv.1991, H.Duman, A.Dénmez, B.Mutlu (GAZI!).
Tekirdag: inecik-7.2 km before Yenice, 18.iv.1992, A.Byfield
15 (ISTE 64841!). Seymen to Corlu, 22.iv.1970, A.Baytop,
F.Oktem (ISTE 17601!).

3.1.2. var. longipedicellatum M.Keskin var. nov. (Fig. 1. C
and D)

Diagnose: It is easily distinguished from the main taxon by
its very long pedicels (alar fruiting pedicels 25-35 mm; other
pedicels 8-25 mm).

Description: Annual, 9-13 cm high. Stems single, short
and recurved hairy. Leaves spathulate 9-10 mm, obtuse at the
apex, and short-hairy. Upper leaves oblong-lanceolate, long
hairy. Alar fruiting pedicels 25-35 mm, ascending up. Sepals 5-
6 mm, acute, medium scarious at the margin. Other pedicels 8-
25 mm. Sepals patent hairy as wide of the sepal. Petals 3-3.5
mm, glabrous. Style 0.7-0.8 mm. Stamens as long as ovarium;
filaments glabrous at base. Capsule equal to subexerted from the
calyx.

Holotypus: Tiirkiye, Balikesir, Ayvalik, Maden Adasi,
29.iv.1997, 30 m, K. Alpinar ISTE 74000!.

3.2. Cerastium inflatum Link ex Boiss., Fl. Orient. 1: 721
(1867)

Annual herbs. Stems 5-15 c¢m, strict, simple or branched at
base; glandular and simple hairy but abundant glandular.
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Leaves, pilose at the edge, narrowly ovate to lanceolate, acute at
tip; amplexicaul at the middle part. Inflorescences strict, a few
flowers. Bracts leaf-like, tiny pilose. Sepal ovate 10-12 mm,
widened at the fruiting time; glandular-hairy; membranous at the
edge. Petal 8-12 mm, as long as sepal, emarginate at the tip.
Stamens 10, filaments hairy at base. Stillus 5. Capsule strict,
conical, and longer than sepal. Seeds 0.7-0.9 mm, brownish,
tuberculate.

3.2.1. var. inflatum (Fig. 2. A and B)

Stems 10-15 mm. Leaves 10-30 x 2-5 mm. Pedicels shorter
than sepal and strict.

Examined materials in Turkey:

Adana: Karsanti, Torosan Mountain, Kanlyalak area,
2160 m, 15.vi.1977, E.Yurdakulol (ANK 1098!). Seyhan,
Bozoglan Mount, 2000 m, Davis 19727 and R.Cetik (ANK!).
Adiyaman: Golbagi, around the village of Yukeoplu,
Limestone, vineyard, 37° 45” 843 K, 37° 43’ 039”°, 1000 m,
18.iv.2001, A.A.Dénmez 8572 (HUB!).Antalya: Elmali,
Ciglikara, Kabakgilar area, Alpin, 2100 m, 27.vi.1975, R.Cetik
(ANK 1586!). Diyarbakir: Merkez, 2 km w. Ambar Stream,
field edge, 635 m, 6.v.1976, H.Misirdali and H.Malyer (ISTF
29411"). Elazig: Keban, 1000-1200 m, 11.vi.1983, T.Ekim
(ANK 7159!). Erzincan: Kemaliye, Water mains start,
Limestone, Quercus-Paliurus opening, 16.iv.2001,
A.A.Dénmez 8563 (HUB!). Kahramanmaras: Ahirdagi,
around the transmitter station, Ulucak Hill, Bakacak view, oak
openings, 1200-1500 m, 21.v.1992, Z.Aytag¢ et H.Duman (ANK
4596!). Engizek Mountain, Aksu District area, field edge, 1000-
1200 m, 24.v.1987, H.Duman 1988 (ANK 2922!). Goksun-
Kahramanmaras, Tekne Mountain, 1600 m, 4.v.1957, Davis
27548 et Hedge (E!). Konya: Ermenek, Damlagal, Juniperus
excelsa, stony places, 1700 m, 27.v.1979, M.Vural (ANK
1666!). Hadim, Taskent, Ermenek Road, Feslikan Plateau,
limestone rock, 1600-1800 m, 16.v.1984, S.Erik 3634, B.Y1ldiz
(HUB 02754!). Malatya: Malatya-Ak¢adag, 1000 m,
10.v.1957, Davis 27689 et Hedge (ANK! and E!). Malatya-
Kayseri road, 36 km from Malatya, 9.vi.1971, A.Baytop (ISTE
20179"). Mardin: Mardin-Diyarbakir, 1000 m, 27.v.1957,
Davis 28725 et Hedge (ANK! and E!). Mardin: Merkez, 1100
m, 21.v.1957, Davis 28392 et Hedge (ANK!). Mardin: Merkez,
steep, limestone vineyards, 1100 m, 21.v.1957, Davis 28392 et
Hedge (E!). Savur to Midyat, 13 km from Savur, 100 m,
5.v.1966, Davis 42497 (E!). Savur, vi.1888, P.Sintenis 871 (E!).
Mersin: Mut, Magras Mountain, summit, limestone rocks and
deep pine needle, 1400 m, 11.v.1965, M.J.E.Coode and
B.M.G.Jones (E!). Mus: Malazgirt, Aktuzla, Kocasuyu Edge,
step, 1550 m, 12.v.2001, S.Almanar 1336 (VANF 3668!). Siirt:
above Sirnak, rocky limestone slopes, 1400-1500 m, 8.v.1966,
Davis 42593 (E!). Sivas: Divrigi, 31.v.1968, T.Baytop (ISTE
129421). Sivas: Divrigi, Dumluca mountain, 30.v.1968,
T.Baytop (ISTE 12912! and E!). Van: Ercis, Yukar1 Isikli
Village, Isikli Hill, 39° 03° 384 <’ N, 43° 20° 587’ E, 1695 m,
15.v.2006, O.Karabacak (VANF 3673!). Van: Girpnar,
Bélmegal Village around, step, 2000 m, 10.vii.2002, M.Unal
7293 (VANF 3670!). Van: Giirpmar, Hamurkesen Village, step,
2000 m, 22.v.2002, M.Unal 6749 (VANF 3669!). Giirpinar,
Zernek Dam and Uggen Village, stream edge, 1700-1900 m,
10.vi.2007, I.Demir 432 (VANF 3691!).
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Fig. 1. (A) Cerastium comatum var. comatum (a herbarium sheet), (B) C. comatum var. comatum (single plant), (C) C. comatum var.
longipedicellatum (a herbarium sheet), (D) C. comatum var. longipedicellatum (single plant).
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Fig. 2. (A) Cerastium inflatum var. inflatum (a herbarium sheet), (B) C. inflatum var. inflatum (close up) (C), C. inflatum var. longum
(a herbarium sheet) (D), C. inflatum var. longum (single plant).
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3.2.2. var. longum M.Keskin var. nov. (Fig. 2. C and D)

Diagnose: It is distinguished from the main taxon by its
long pedicels, leaves, and stem.

Description: Stem probably 20-40 cm. Leaves 40-55 x 9-
13 mm, wide oblong to lanceolate, obviously obtuse at apex.
Inflorescences more flowered. Alar pedicels 40-45 mm. Other
pedicels 15-30 mm. Bracts leaf-like but very small. Sepals 9-12
mm, narrowly membranous at the edge. Petal shorter than sepal.
Capsule 20-25 mm, slightly conical.

Holotypus: Tiirkiye, Bitlis, Tatvan, Zuliil kaya, ¢cayirlik ve
kenar1, ca.1850 m, 20.vi.1986, O.Segmen 3489 (EGE 17976!).

3.3. Cerastium semidecandrum L., Sp. PI. 1: 438 (1753)

Annuals. Stem 1-20 cm, thinly; spreading 2-3 celled
eglandular with a few minute glandular hairs present, especially
at the leaf base. Leaves spathulate at the base, others oblong;
hairy on the upper face, glabrous or loosely hairy on the lower
face. Inflorescences usually single-flowered. Bracts membra-
nous at tips, sometimes only greenish in the middle, other parts
membranous. Pedicels usually equal to sepal or longer than
sepals. Sepals ovate-lanceolate, narrowly membranous at the
edge and widely membranous and purplish at tip; dense and long
hairs with 2-3 cell on edge: usually in a line or very sparsely
hairy or absent in the middle; no glandular hairs or few tiny
glandular hairs near the pedicel (these are very small and can be
seen at high magnification). Petals shorter than sepals, nearly as
long as middle part; glabrous, entire or 2-3 irregular parted and
sometimes purplish at tip; glabrous. Filaments as long as petals;
anthers sphere-like. Style 0.5 mm. Capsule 2-7 mm. Seeds 0.4-
0.8 mm, bluntly tuberculate.

3.3.1. var. semidecandrum (Fig. 3. A and B)
Examined materials in Turkey:

Antalya: Kemer, Kardalan-Kizder Village, Pinus brutia
openings, 100-1000 m, 7.vi.1979, H.Pesmen 4366 and A.Giiner
(HUB 02843!"). Bilecik: Sogiit-Eskisehir 11 km, before 1 km
from Giindiizbey, roadside, 1020 m, 13.vi.1954, H.Demiriz
(ISTF 13239!). Sogiit-Eskisehir, 24 km, 2 km after Oluklu, step,
hill, 13.vi.1954, H.Demiriz (ISTF 13260!). Bursa: above
Cekirge, roadside, 19.iv.1952, A.Berk and T.Baytop (ISTE
2531!1). Edirne: Lalapasa, Siiloglu Village way, 30.iv.1973,
G.Ertem (ISTE 24267!). Eskisehir: Siindiken Mountains,
Kirazli Stream, Margi area, Meadows, 1250 m, 24.iii.2006,
A.A.Dénmez 12711 and A.Ocak (HUB!). Istanbul: Adalar,
Burgazada, 13.v.2004, M.Keskin 3257!. Adalar, Heybeliada,
13.v.2004, M.Keskin 3250!. Adalar, Kinaliada, 13.v.2004,
M.Keskin 3278!. Bahgelievler, Park, 12.iv.2004, M.Keskin
3105!. Bakirkdy, Yesilk0y, around siteler, 12.iv.2004,
M.Keskin 3098!. Biiyiikcekmece, lake area, 17.iv.2004,
M .Keskin 3111!. Catalca, Catalca mountain summit, 17.iv.2004,
M.Keskin 3107!. Emindnii, Ayasofya Mosque, tea garden
perimeter, 12.iv. 2004, M.Keskin 3092!. Eminénii, Sirkeci train
station perimeter, 12.iv.2004, M.Keskin 3090!. Kiigiikgekmece,
lake road, roadside, 17.iv.2004, M.Keskin 3114!. Maltepe,
Basibiiyiik District, Siireyyapasa Hospital forest, near the pond,
25.iv.2004, M.Keskin 3115!. Sariyer, Rumeli Feneri, Kale
District, 29.iv.2003, M.Keskin 2619!. Tuzla, 29.iv.1962,
B.Toziin (ISTF 18366!). Umraniye, Alemdar, Nisan Hill forest

39

Front Life Sci RT 2(2) 2021 35-43

openings, 24.iv.2004, M.Keskin 3127!. Kirklareli: Liileburgaz,
Pimarhisar-Liileburgaz 16 km, field edge, meadow, 5.v.1974,
B.Tiitel (ISTF 27685!). Kiitahya: Gediz, 21 km, Goksuyu right
bank, lime rocks, 960 m, 14.vi.1954, H.Demiriz (ISTF 13303!).
Tekirdag: Naipkdy-Isiklar road, Bin Hill, 30.iv.1967, A.Baytop
and T.Baytop (ISTE 10853a!).

3.3.2. var. delicatum M.Keskin var. nov. (Fig. 3. D and E)

Diagnose: Allied to C. semidecandrum L. but easily
distinguished by single-flowered inflorescences; short and non-
recurved pedicels; short calyx and capsules; eglandular
indumentum.

Description: Stem 1-2.5 cm; spreading 2-3 celled
eglandular with a few minute glandular hairs present, especially
at the leaf base. Leaves 1-7 mm, spathulate at the base.
Inflorescences usually single-flowered. Sepals 1-3 mm,
narrowly membranous at the edge and widely membranous and
purplish at the tip (1/3-1/4); dense and long hairs with 2-3 cell
on edge. Capsule 2 mm.

Holotypus: Turkey, izmir: Bergama-Kozak, cayirlik, 400
m, 27.i1.1986, G.Gork (EGE 315601!).

3.4. New Combinations
3.4.1. Cerastium ligusticum Viv. (Fig. 4. A and B)

The species is growing in a narrow area in Turkey. Its long
petals are the most prominent characteristic of this species. C.
dominicii Favarger was described from Mugla in 1976. Later, it
was validated by Tan and Mill in 1988. Both species grow
around Mugla. According to my observations, the only
difference from C. ligusticum is its large seeds.

C. ligusticum Viv. var. dominicii (Kit Tan and R.R.Mill)
M.Keskin. comb. nov. (Fig. 4. C and D)

3.4.2. Cerastium dichotomum L. (Fig. 5. A and B)

This species is common in mainly Central Anatolia. The
stem of this species is fork-like branched, and extended conical
capsules are quite typical. C. saccardoanum Diratz. is published
in 1912. This species differs with its capsules as long as the
sepal. But this character alone is not enough for the species level.

C. dichotomum L. var. saccardoanum (Diratz.) M.Keskin
comb. nov. (Fig. 5. C and D)

4. Conclusion

In this article, some observations during the revision of
Cerastium distributed in Turkey are reported. During the
revision study, three interesting taxa were encountered in ISTE
and EGE herbarium.

As a result of examining these samples, it was decided that
these are new taxa for science. These examples are introduced
to the scientific world in this article: C. comatum Desv. var.
longipedicellatum M.Keskin, C. inflatum Link ex Boiss. var.
longum M.Keskin and C. semidecandrum L. var. delicatum
M.Keskin.

Also, two new combinations have been made: C.
ligusticum Viv. var. dominicii (Kit Tan and R.R.Mill)
M.Keskin and C. dichotomum L. var. saccardoanum (Diratz.)
M.Keskin.
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Fig. 3. (A) Cerastium semldecandrum var. semldecandrum (a herbarlum sheet), (B) C. semidecandrum var. semidecandrum (single
plant), (C) C. semidecandrum var. delicatum (a herbarium sheet), (D) C. semidecandrum var. delicatum (single plant).
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Fig. 4. (A) Cerastium ligusticum var. ligusticum (a herbarium sheet), (B) C. ligusticum var. ligusticum (close up), (C) C. ligusticum
var. dominicii (a herbarium sheet), D) C. ligusticum var. dominicii (single plant).
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Abstract

Wastewaters of several industries such as textile, leather or dye etc., contain dangerous and toxic compounds, even some of
which are potential carcinogenics. Considering the volume and composition, wastewaters of the textile industry have much more
polluting characteristics compared to other industries. Although treatment processes must definitely be implemented in point of
environment and living organisms, many factories discharge their wastewaters to acceptor media without any treatment because of
high costs. This study investigated zeolite and clay with high availability and low cost in wastewater treatment as more economically
feasible alternatives to activated carbon. The wastewater treatment adequacy of zeolite-clay mixture was also investigated. We
determined the optimum treatment time for heavy metal removal from the dye-containing wastewater samples as 6 hours. The
mixture of clay+zeolite+activated carbon provided the highest removal of Cd, Cu, Mn, Pb, and Zn compared to zeolite, clay,
activated carbon, activated carbon+clay, activated carbon+zeolite and clay+zeolite.

Keywords: Activated carbon; clay; heavy metal removal; textile dyes; wastewater treatment; zeolite

1. Introduction

Both the growing world population and the changing sense
of lifestyle and fashion boost the demand for textile products
(Uzal et al., 2005; Mercimek, 2007). The textile industry is
considered as the most polluting industry due to the enormous
diversity of chemicals used in the production processes. More
than 100,000 dyes and 2000 types of chemicals are used in the
industry and the annual production of textile dyes is around
500,000 tons (Kapdan and Kargi, 2000; Halimoon and Yin,
2010; Arora, 2014). The wastes resulting from the dyeing of
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products such as yarn and fabric has the biggest share in the
pollution related to textile wastewaters (Mercimek, 2007). Even
very small amounts of dye residues in the wastewaters of the
textile industry can cause significant pollution (Sener, 2008).
The colorant wastes colorize the water and thus prevent the
sunlight to reach the depths of water bodies and threaten the
livestock that lives in the affected rivers, lakes and seas. The
oxygen levels also decrease in affected aquatic ecosystems due
to decreasing photosynthetic activity as a result of blocking the
penetration of sunlight by colorants (Banat et al., 1996;
Mercimek, 2007). The other most important hazardous

2718-062X © 2021 This is an open access article published by Dergipark under the CC BY license.
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constituents in these wastewaters, that have ecologically
negative impacts on aquatic ecosystems and also have
deteriorative effects on human health, are heavy metals.

1.1. Numerous heavy metals are used in textile industry

Heavy metals can be found in textiles naturally, or as a
result of production and dyeing processes; protective agents
used during storage may also lead to penetration of heavy metals
into textile fibers. Colour pigments in textile dyes are produced
using heavy metals such as chromium (Cr), nickel (Ni), zinc
(Zn), lead (Pb), copper (Cu) and cadmium (Cd) (Bhardwaj et al.,
2014).

1.2. Heavy metals have numerous negative effects on
environment and human health

Heavy metals are commonly defined according to their
density; metals with a density higher than 5 g/cm? are classified
as heavy metals (Gu and Lin, 2010; Yalcin et al., 2020).
Although heavy metals exist in nature, they are very toxic,
especially in high concentrations and can accumulate in the soil,
water, and human body (Mathur et al., 2005; Suresh et al., 2015;
Ozyigit et al., 2018). Even trace amounts of some heavy metals
are a risk for the health of humans and other organisms and
cannot be destroyed or degraded by living things. Drinking
polluted water, ingesting heavy metal-containing foods via the
food chain, or inhaling air containing higher concentrations of
heavy metals near sources of emission may lead to heavy metal
toxicity (Karnib et al., 2014; Yilmaz et al., 2021).

Cadmium (Cd) is naturally in the environment, but it is
also hazardous due to bioaccumulation. Cd is a poisonous
substance and even cause cancer and premature death; long-term
exposure to Cd leads to systemic toxicity in reproductive,
skeletal, cardiovascular, urinary, respiratory, and nervous
systems (Rahimzadeh et al., 2017; Hocaoglu-Ozyigit and Genc,
2020). Plants can take this metal from the environment and thus
its concentration increases along the food chain (Jaishankar et
al., 2014; Dogan et al., 2016).

Lead (Pb) is not only unnecessary for human life but also
causes health problems as a toxic heavy metal and especially
affects pregnant women, children, and elderly persons. It harms
our endocrine, nervous, circulatory, skeletal, and immune
systems and can also cause mental retardation in children. It is
also very harmful to plants, leads to chlorophyll damage by
fastening and related growth retardation (Jaishankar et al., 2014;
Ozyigit et al., 2016).

Zinc (Zn) is another heavy metal and it is required for the
proper function of the human body, unlike Cd and Pb. Although
Zn is an essential element for our bodies, long-term exposure to
the excess amount of Zn causes infertility and diminishes
immune function, and cholesterol balance (Yasar and Ozyigit,
2009; Zhang et al., 2012). Cd, Pb, and Zn also accumulate in
crops and vegetables in fields near polluted areas (Zhang et al.,
2012).

Nickel (Ni) is omnipresent, but its function for animal life
has not been clearly understood yet. Exposure to Ni can cause
lung fibrosis, allergy, kidney diseases, cardiovascular diseases
and also lead to cancer and epigenetic changes (Genchi et al.,
2020).

Copper (Cu) is another toxic heavy metal, and exposure to
excess amounts of Cu causes Wilson’s Disease, mucosal
irritation, gastrointestinal disorders, toxic effects on the kidneys
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and liver, and capillary damages (Shrivastava, 2009).

Aluminum (Al) is also a ubiquitous metal, naturally founds
in soil and constitutes 8% of the earth’s surface, but it is also
toxic. The toxicity level of Al is determined by several factors
such as organic content and pH (Dogan et al., 2014; Jaishankar
etal., 2014). In acidic soil, it can decrease crop by inhibiting root
growth and changing the cellular structure of leaves (Ozyigit et
al., 2019). It also negatively affects aquatic organisms such as
fishes, seaweeds, and crawfishes in high concentrations
(Jaishankar et al., 2014). The toxic effects of Al on human bone
marrow, skeletal muscles, heart, liver, and brain are also well
defined (Nayak, 2002).

1.3. Adsorbent compounds can be used in wastewater
treatment

Wastewater treatment methods differ according to target
pollutants (Talarposhti et al., 2001; Mercimek, 2007). Due to the
wide variety of chemicals used in the washing, bleaching, and
dyeing processes of the fibers used in the textile industry, the
compositions of wastewaters vary. As a result, wastewater
treatment is a very complicated activity (Pagga and Brown,
1986; Donlon et al., 1997). Classical methods such as
coagulation and flocculation are not successful in the removal of
the wastes of the dyeing processes. Thus, several methods have
been developed for the treatment of the wastewaters of the dye
industry, such as adsorption to organic and inorganic matrices,
photocatalysis, enzymatic or microbiological separation,
chemical oxidation, etc. (Santos and Boaventura, 2008).

The adsorption process via solid adsorbents is considered
as one of the most useful methods for the removal and treatment
of inorganic and organic pollutants in the he wastewaters of the
dye industry. This method has a simple design and ease of use
because of its low initial cost and land needs. Researchers
recently pay special attention to finding low-cost adsorbents
with high pollutant-binding capacity (Rashed, 2013).

1.3.1. Activated Carbon

Adsorption is an important process in the removal of
colorants from wastewater. The most commonly used adsorbent
is activated carbon because of its high adsorption capacity.
Activated carbon consists of 87-97% carbon, and the rest of it
may contain hydrogen, oxygen, sulphur, and nitrogen
(Tchobanoglous et al., 1991).

Although activated carbon is an efficient adsorbent for
numerous organic and inorganic compounds due to its high
porosity, high surface reaction affinity and large surface area,
the cost is very high (Jaroniec and Choma, 1986; Bolisetty et
al., 2019). So researchers have directed their attention to various
alternatives, such as agricultural by products, industrial wastes,
and natural materials (Sener, 2008).

1.3.2. Zeolite

Zeolites are very cheap, effective adsorbents to adsorb heavy
metals from wastewater samples due to their ion exchange
capability (Babel and Kurniawan, 2003). Zeolites are hydrated
aluminosilicate minerals, and their structure is an anionic
tetrahedron of AlO. and SiOs (Pohl, 2011). They consist of
millions of micropores like honeycomb and cage which are 2-10
microns in size and contain varying cations; because cations are
bound by weak bonds, zeolites can easily change their ions.
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Zeolites are used in various applications, such as ion-exchange,
removal of solvents and gas, petrochemical cracking,
adsorption, etc., due to their porous structure. Hazardous wastes
can be converted into environmentally safe products using
zeolites (Shevade and Ford, 2004). There are more than 40 types
of zeolites in nature and eight types of them are important in
global markets. Clinoptilolite is the most abundant zeolite in
nature (Babel and Kurniawan, 2003) and an important type of
natural zeolites in Turkey due to its high reserve, formation,
homogeneity, and high mineral quality. Although natural types
of zeolites exist, they do not have the desired purity and pore
diameters, and thus artificial zeolite has extensive usage (Gulen
et al., 2012). Synthetic zeolites such as NaPl have markedly
bettered ion-exchange ability compared to natural ones such as
clinoptilolite. pH is an important determinant to affect ion-
exchange adsorption and low pH values decrease adsorption
capacity as a result of hydrogen ion competition (Bolisetty et al.,
2019).

1.3.3. Clay

Clay is a fine-grained natural soil or rock material and
contains one or more clay minerals with traces of organic matter
and metal oxides. The composition of clay consists of silica,
alumina, water, and also iron, alkalis, or soil alkalis. Some of the
minerals such as quartz, calcite, feldspar, and pyrite can be found
in some clays, so the composition of all clays is not the same
(Toprakezer, 2009).

When clay comes in contact with water, it softens, expands,
and gains a plastic structure. Clay is a preferred material in the
industry, because of its absorption and adsorption capabilities,
small grain size, large surface area, and high plasticity (lsci,
2002; Toprakezer, 2009). It has been shown that the surfaces of
clay minerals are negatively charged while their edges and
corners are positively charged. This character allows cations and
anions in the solution to adhere to the surface and provides
adsorptive and absorptive properties (Demir, 2008).

Three essential species of clay are smectites, kaolinite, and
micas. Clay is a cheap and plenteous material, and
montmorillonite is a smectite, has the highest cation exchange
capacity, and 20 times cheaper than active carbon (Babel and
Kurniawan, 2003). As they have a great adsorption capacity,
they have been utilized for the removal of toxic heavy metals
from agqueous solutions for years. Both natural and modified clay
forms can effectively remove diverse heavy metals from
polluted water samples (Uddin, 2017). Although the heavy metal
removal efficacy of clays is lower than zeolites, their high
availability and low-cost make them preferable (Babel and
Kurniawan, 2003). The environmental risks grow day by day but
the most effective method for the removal of heavy metals could
not be found yet. In this study, we aimed to find out a substance
for developing a more effective and relatively low-cost removal
of heavy metals from the wastewaters of dye plants. We
investigated the effectiveness of zeolite and clay in wastewater
treatment as more abundant and more economical alternatives to
widely used activated carbon, the use of zeolite and clay. The
effectiveness of zeolite, clay and activated carbon separately and
together in wastewater treatment were also analyzed.

2. Materials and methods

0.100 g of Yellow PG (Scientific Name: Direct Yellow
142) (D1), Red BWS (Direct Red 243) (D2), Blue 4BL (Direct
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Blue 200) (D3), Rose FR (Direct Red 227) (D4) and WSF 800
1.0 (D5) dyes were separately mixed with 10 ml of purified
water, and each of them completed to 1000 ml. 5g of cotton
fabric rags were soaked up with 75 ml of the prepared dye
samples and then heated.

When the temperature reached 100 °C, 1 g NaCl was added
to each sample, and then each sample was boiled for 30 minutes.
Thus, the salt acts on the covalent bonds to ensure stable
dispersion of the dye into the fabric. After the water had been
completely evaporated, it rinsed with 100 ml cold ultra-pure
water, and then the fabric was allowed to dry. The rinse water
obtained in the same way as the wastewater of the factory. The
acid-base values of the prepared dye samples measured by using
the pH meter (Hanna-HI 2211).

35 samples were divided into 7 different groups for each
dye. Active carbon, natural zeolite, and clay were applied to each
sample separately and/or applied after being mixed with another
for removing heavy metals. A total of 1 g of each remover or
remover mix applied to every 10 ml of each sample. The
removers were held for 2, 4, and 8 hours, then filtered with the
Whatman filter papers. 500 pL of each filtered sample was
placed on the Teflon cells, 5 ml of HNO3 (Merck) was added on
them, and then they were put in the microwave oven (Berghof -
MWS2).

The incubation times and temperatures in the microwave
oven were 5 minutes at 145 °C, 5 minutes at 165 °C and 20
minutes at 175 °C, respectively; the incineration conducted in
this way. After the procedure finished, the Teflon cells were
allowed to cool for 20 minutes in the water bath. The lids of the
cells carefully opened in the laminar flow, they were filtered
using Whatman filters in 50ml conical centrifuge tubes, then
completed to 50 ml.

The element analyses (Al, Cd, Cu, Ni, Pb, and Zn) of the
fully dissolved samples were conducted in the ICP-OES
(Inductively Coupled Plasma Optical Emission Spectroscopy)
(Perkin EImer-Optima 7000 DV) in the range obtained by using
the standards prepared using the multi-element stock solution
(Merck 1000 ppm). Al was analyzed due to its existence in
zeolite and the increase in Al concentration when zeolite mixed
with the liquid. For statistical analysis, One Way ANOVA with
Tukey’s HSD Test was used, and p<0.05 was considered as
statistically significant.

3. Results and discussion

3.1. The samples had acceptable pH values in terms of
reusability

The pH values of the textile dyes were given in Table 1.
When the values examined, the lowest pH value was determined
as 7.16 for Direct Blue 200, while the highest pH value was
determined as 9.88 for Direct Red 243. These values are not
acidic, and therefore the remaining water samples of these most
commonly used textile dyes can be reused after the wastewater
treatment.

Dye pH

Yellow PG (Direct Yellow 142) 9.57

Red BWS (Direct Red 243) 988  Tablel

Blue 4BL (Direct Blue 200) 7.6  pH values for colorants.
Rose FR (Direct Red 227) 7.25

WSF 800 1.0 7.29

*Those in parentheses are the scientific names.
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Table 2

Front Life Sci RT 2(2) 2021 44-50

Temporal changes in the heavy metal contents of the samples after the treatment with adsorbents (Al, Cd and Cu).

Aluminum Concentration (mg L) (mean + SD) (0th Hour 32.88+5.99)

Time/Treatment 2th Hour 4th Hour 6th Hour 8th Hour
Carbon 3.31£1.38 2.97+1.42 *2.70+1.40 2.92+1.42
Zeolite 294+59.46 283.29459.26 273.304£56.70 281.65+54

Clay 15.144£5.14 13.64+5.30 12.23+4.47 13.43+4.60
Carbon+Clay 11.35+4.68 9.91+4.30 8.97+3.90 9.40+4.09
Carbon+Zeolite 237.92+56.95 225.88+53.03 216.47+48.99 224.40+49.48
Clay+Zeolite 254.45+59.48 243.87+57.16 232.60+59.52 240.71+£58.16

Carbon+Clay+Zeolite 180.85+71.28

172.17+70.79

165.58+68.53 171.34+69.22

Cadmium Concentration (mg L) (mean + SD) (0th Hour 9.00+3.91)

Time/Treatment 2th Hour 4th Hour 6th Hour 8th Hour
Carbon 0.77+0.35 0.70+0.35 0.66+0.35 0.68+0.35
Zeolite 0.90+0.37 0.80+0.36 0.73+0.35 0.76+0.35

Clay 5.03+£2.37 4.64+2.00 4.25+1.76 4.45+1.86

Carbon+Clay 1.83+0.81 1.60+0.81 1.42+0.68 1.48+0.72

Carbon+Zeolite 0.82+0.33 0.72+0.32 0.65+0.33 0.70+0.33

Clay+Zeolite 2.90+1.63 2.67+1.42 2.53+1.30 2.59+1.35

Carbon+Clay+Zeolite 0.64+0.34 0.56+0.29 *0.50+0.28 0.55+0.29
Copper Concentration (mg L?) (mean + SD) (0th Hour 643.74+27.24)

Time/Treatment 2th Hour 4th Hour 6th Hour 8th Hour
Carbon 17.69+9.83 16.5149.15 15.05+8.13 15.84+8.77
Zeolite 20.61£11.12 18.94+9.66 16.76+8.47 17.22+8.67

Clay 373.334+22.01 357.36+20.79 344.33+19.72 349.79+18.09
Carbon+Clay 78.10+£16.29 72.11£15.57 66.20+13.34 68.74+14.04
Carbon+Zeolite 18.99+10.33 17.5849.38 15.88+8.29 16.45+8.53

Clay+Zeolite 129.72+31.82 120.49+£31.47 110.95+30.92 114.84+32.03
Carbon+Clay+Zeolite 16.5449.20 15.32+8.65 *14.02+7.67 14.81£8.11

For discharged wastewaters, the maximum limit values for Al, Cd, Cu are 3, 5 and 5 mg L™, respectively (Filiz, 2007; Kalipci and Ceylan, 2017).
The values met in the regulation were written with italics. Asterisk “*” symbol shows the highest removal value for the 6th hour of the treatment

for related heavy metals.

3.2. The experimental samples contained harmful heavy
metals

The Al, Cd, Cu, Ni, Pb and Zn contents of the samples
before and after the treatment are given in Table 2 and Table 3.
Cd, Cu, Ni, Pb, and Zn were detected in the samples, while Cu
and Zn were the most abundant ones. Furthermore, a massive
increase in the Al concentration of the samples was observed in
the samples treated with zeolite (Table 2 and Table 3).

The high heavy metal content of the samples suggested that
the wastewater generated in dye production cannot be directly
discharged to the environment or reused without any treatment.
Although wastewater treatment procedures bring additional
costs to manufacturers, it is necessary to apply them thoroughly
and in a controlled manner.

3.3. The maximum removal was achieved at the 6th hour of the
treatment

We determined that the efficacy of the removal of heavy
metals started to decrease after the 6th hour of the treatment. The
adsorption of heavy metals reached a saturation point at the 6th
hour of the treatment (p<0.05). The desorption started after the
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6th hour, and therefore the concentrations of heavy metals
started to re-increase in the samples (Table 1). In other words,
adsorbents should be separated from wastewater after the 6th
hour of the treatment as a good practice criterion.

3.4. Clay-zeolite-activated carbon mixture provided the best
heavy metal removal according to the mean values compared
to other groups but differences between the groups are not
statistically significant

In this study, zeolite and clay were tested as alternative
materials to activated carbon which is the most commonly used
material in wastewater treatment, to develop a more cost-
effective way. According to the mean values, clay provided
much worse results compared to activated carbon while zeolite
and active carbon+zeolite treatments also provided nearly the
same results with activated carbon treatment (Table 1).
However, Chaari et al. (2008) found that clay can have better
performance compared to activated carbon in terms of lead
adsorption when it is activated with sulphuric acid. This
difference is probably due to the lack of clay activation in our
study. We also determined that active carbon+zeolite mixture
provided better performance compared to active carbon only in



O. Turksoy Terzioglu et al.

Table 3

Temporal changes in the heavy metal contents of the samples after the treatment with adsorbents (Pb, Ni and Zn).

Front Life Sci RT 2(2) 2021 44-50

Lead Concentration (mg L™) (mean + SD) (0th Hour 32.28+5.75)

Time/Treatment 2th Hour 4ht Hour 6th Hour 8th Hour
Carbon 2.48+1.25 2.23+1.26 2.05+1.23 2.19+1.29
Zeolite 2.70+1.88 2.38+1.81 2.17+1.72 2.38+1.79

Clay 19.97+5.92 17.63+£5.01 14.8544.12 16.13+4.73

Carbon+Clay 7.16£2.55 6.12+2.52 5.5242.53 5.76+2.48

Carbon+Zeolite 2.64+1.56 2.43+1.44 2.23+1.43 2.39+1.47

Clay+Zeolite 11.95+4.20 10.18+3.35 8.87+2.79 9.53+3.15

Carbon+Clay+Zeolite 2.06+1.32 1.87+1.26 *1.68+1.17 1.82+1.24
Nickel Concentration (mg L?) (mean = SD) (0th Hour 95.56+13.05)

Time/Treatment 2th Hour 4th Hour 6th Hour 8th Hour
Carbon 3.66+1.21 3.18+1.15 2.98+1.15 3.14£1.16
Zeolite 4.57£1.35 4.04+1.30 3.71+£1.22 3.92+1.18

Clay 47.54+3.19 41.66+3.06 36.04+3.40 39.19+£2.53

Carbon+Clay 16.41+£5.37 14.16+4.47 12.18+4.16 12.95+4 .41

Carbon+Zeolite 3.91+1.38 3.57+£1.27 3.26+1.22 3.45+1.31

Clay+Zeolite 25.59+4.72 22.12+4.02 18.17+2.70 19.80+2.85

Carbon+Clay+Zeolite 3.35+0.85 3.06+0.85 *2.86+0.80 3.01+0.79
Zinc Concentration (mg L) (mean + SD) (0th Hour 398.71+40.59)

Time/Treatment 2th Hour 4th Hour 6th Hour 8th Hour
Carbon 12.44+3.18 11.31+£2.85 10.06+2.20 10.63£2.56
Zeolite 13.76+4.30 13.3144.24 11.37+£3.37 12.38+3.83

Clay 153.34+39.73 143.90+38.29 133.314£36.70 137.87+35.74
Carbon+Clay 43.68+16.22 39.48+15.55 34.65+14.01 36.33+14.30
Carbon+Zeolite 13.01£3.77 11.52+2.86 10.44+2.35 11.33£2.77
Clay+Zeolite 68.82+24.21 61.47£21.92 55.23+21.08 60.49+22.26
Carbon+Clay+Zeolite 11.24+2.89 9.89+2.28 *8.89+1.64 9.77+2.24

For discharged wastewaters, The maximum limit values for Al, Cd, Cu are 3, 5 and 5 mg L™, respectively (Filiz, 2007; Kalipci and Ceylan, 2017). The values
met in the regulation were written with italics. Asterisk “*” symbol shows the highest removal value for the 6th hour of the treatment for related

heavy metals.

terms of cadmium removal (Table 1).

Active carbon+clay+zeolite treatment was the most effective
mixture for removing Cd, Cu, Ni, Pb, and Zn compared to other
groups including activated carbon (Table 1). In other words, clay
only improved the ability to remove heavy metals when it was
combined with both zeolite and activated carbon because
clay+carbon treatment and clay+zeolite treatment had lower
treatment efficiencies compared to active carbon treatment and
zeolite treatment, respectively. Mixtures can behave differently
compared to their components, and our findings indicate a
positive synergistic effect between clay, activated carbon, and
zeolite in terms of the removal of heavy metals. Unfortunately,
these findings were not statistically significant, probably due to
high standard deviation values. We prepared 5 different samples
with 5 different dyes for each of the seven treatment groups and
calculated mean and standard deviation values for each group
with them. This condition may lead to high standard deviations,
and therefore experimental repetitions for each treatment group
should be made with samples prepared by using the same dye in
further studies.

Some other researchers also studied composite adsorbents
such as silicat+activated carbon, clay+activated carbon
composites for removing heavy metals (Karnib et al., 2014;
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Pawar et al., 2018). Karnib et al. (2014) showed that the
silicatactivated carbon (2:3) composite provided a slightly
higher Ni removal rate compared to activated carbon, while
activated carbon had a significantly higher Ni removal rate
compared to silica. However, we found that activated carbon
provided higher Ni removal compared to the zeolite+activated
carbon (1:1) mixture; this difference may be as a result of the
difference between silicated materials and the ratio of
components.

3.5. The addition of zeolite in the samples for heavy metal
removal increased the concentration Al as a probable adverse
effect of HNOz using in the experimental procedure

Al is one of the most abundant metals in all soils, and its
levels range between 0.45% to 10% (Kabata-Pendias and
Pendias, 2001). Al cannot be absorbed by plants from the soil as
long as the pH of soil does not range between 4-4.5 (Matsumoto,
2000; Vardar et al., 2006). For the aquatic environment, the
toxicity of Al is altered by the pH and physicochemical
properties of water (Jaishankar et al., 2014). Al can causes
growth problems in plants in acidic soil and disturbs the
reproductive system, respiratory system, cardiovascular system,
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endocrine system, blood, and gill structure of aquatic animals. It
also has well-established toxic effects on human bone marrow,
skeletal muscles, heart, liver, and brain for excess concentrations
(Nayak, 2002). In our study, Al concentration in the samples
increased after zeolite or zeolite containing mixtures applied to
the samples.

From this point of view, Al should be removed from the
wastewater with an additional treatment step before discharge to
avoid toxic concentrations of Al when zeolite is used for heavy
metal removal However, this finding is controversial because
other studies determined that zeolite only dissolved when the pH
drop to below 2.0 and then Al concentration increase in the
solution and even some researchers successfully removed Al by
using zeolite (Wingenfelder et al., 2005; Abdullah, 2014).
Although we found higher Al concentrations in the samples
treated with zeolite or zeolite containing mixture, this condition
is probably as a result of the addition of HNO3; during the
experimental procedure. For further studies, the experimental
procedure should be modified to eliminate this possibility. This
condition may also be related to the content of the natural
zeolite.

4. Conclusion

Our findings are promising for using clay, zeolite, and
activated carbon in combination to obtain better heavy metal
removal yield and to minimize wastewater treatment costs.
Further studies should be designed for the experimental
repetitions with low standard deviation values or conducted with
a higher number of samples, and thus statistically significant
results may be obtained. The molecular mechanisms under the
synergistic interactions between clay, active carbon, and zeolite
should be enlightened in terms of heavy metal removal from
wastewater. We also found a significant threshold value for the

References

Abdullah, A. M. (2014). Aluminum pollution removal from water using a
natural zeolite. Journal of Pollution Effects & Control, 1-4.

Arora, S. (2014). Textile dyes: it's impact on environment and its treatment.
Journal of Bioremediation & Biodegredation, 5(3), 1.

Babel, S., & Kurniawan, T. A. (2003). Low-cost adsorbents for heavy
metals uptake from contaminated water: a review. Journal of
Hazardous Materials, 97(1-3), 219-243.

Banat, 1. M., Nigam, P., Singh, D., & Marchant, R. (1996). Microbial
decolorization of textile-dyecontaining effluents: a review. Bioresource
Technology, 58(3), 217-227.

Bhardwaj, V., Kumar, P. & Singhal, G. (2014). Toxicity of heavy metals
pollutants in textile mills effluents. International Journal of Scientific
and Engineering Research, 5(7), 2229-5518.

Bolisetty, S., Peydayesh, M. & Mezzenga, R. (2019). Sustainable
technologies for water purification from heavy metals: review and
analysis. Chemical Society Reviews, 48(2), 463-487.

Chaari, I., Fakhfakh, E., Chakroun, S., Bouzid, J., Boujelben, N., Feki, M.,
& Jamoussi, F. (2008). Lead removal from aqueous solutions by a
Tunisian smectitic clay. Journal of Hazardous Materials, 156(1-3),
545-551.

Demir, E. (2008). Isil iglemin bir bentonitin katyon degistirme kapasitesi,
adsorpsiyon, gozenekliligi, yiizey alani ve yiizey asitligi gibi bazi
fizikokimyasal 6zelliklerine etkisi, Doktora Tezi, (pp. 1-180) Ankara
Universitesi, Fen Bilimleri Enstitiisii, Tiirkiye.

Dogan, I., Ozyigit, I. I., & Demir, G. (2014). Influence of aluminum on
mineral nutrient uptake and accumulation in Urtica pilulifera
L.. Journal of Plant Nutrition, 37(3), 469-481.

Dogan, 1., Ozyigit, I. I., Tombuloglu, G., Sakcali, M. S., & Tombuloglu, H.
(2016). Assessment of Cd-induced genotoxic damage in Urtica
pilulifera L. wusing RAPD-PCR analysis. Biotechnology &
Biotechnological Equipment, 30(2), 284-291.

49

Front Life Sci RT 2(2) 2021 44-50

duration of treatment, and this finding indicates that an optimum
treatment duration exists and longer treatment is not better for
every time.

4.1. Limitations of the study

Our sample number is limited, only 5 samples were
included in the study for each material or mixture used in the
treatment, and this low number of samples may be one of the
limitations of the study. Another limitation of the study is that
we prepared our samples in the laboratory to imitate textile
factories’ wastewaters. Our samples only contained dye
residues, while the real textile industry's wastewaters contain
other pollutants, and their contents are more complex.
Therefore, our study may only reflect the properties of real
wastewater noncomprehensively. Although synthetic zeolites
provide better results according to the literature, we used natural
zeolite. This condition probably negatively affected our results.
In other words, further studies should be designed for synthetic
zeolite+activated carbon+clay mixtures to obtain better results.
Also, we did not test the active carbon+clay+zeolite mixture for
different concentrations of dyes. However, its heavy metal
removal performance can be negatively affected by increasing
pollutant concentrations. Thus, its heavy metal removal capacity
per unit mass of the pollutants cannot be determined in this way
when it is tested for only one concentration of heavy metals.

Conflict of interest: The authors declare that they have no
conflict of interests.

Informed consent: This manuscript did not involve human or
animal participants; therefore informed consent was not
collected.

Donlon, B., Razo-Flores, E., Luijten, M., Swarts, H., Lettinga, G., & Field,
J. (1997). Detoxification and partial mineralization of the azo dye
mordant orange 1 in a continuous upflow anaerobic sludge-blanket
reactor. Applied Microbiology and Biotechnology, 47(1), 83-90.

Filiz, E. (2007). Dogal kaynaklardan elde edilen adsorbanlarla sulardan agir
metal giderimi, Yiiksek Lisans Tezi, (pp. 1-139) Istanbul Teknik
Universitesi, Fen Bilimleri Enstitiisii, Tiirkiye.

Genchi, G., Carocci, A., Lauria, G., Sinicropi, M. S., & Catalano, A. (2020).
Nickel: Human health and environmental toxicology. International
Journal of Environmental Research and Public Health, 17(3), 679.

Gu, Q., & Lin, R. L. (2010). Heavy metals zinc, cadmium, and copper
stimulate pulmonary sensory neurons via direct activation of TRPAL.
Journal of Applied Physiology, 108(4), 891-897.

Gulen, J., Zorbay, F., & Arslan, S. (2012). Zeolitler ve kullanim alanlar.
Karaelmas Fen ve Miihendislik Dergisi, 2(1), 63-68.

Halimoon, N., & Yin, R. G. S. (2010). Removal of heavy metals from textile
wastewater using zeolite. Environment Asia, 3(2010), 124-130.

Hocaoglu-Ozyigit, A., & Genc, B. N. (2020). Cadmium in plants, humans
and the environment. Frontiers in Life Sciences and Related
Technologies, 1(1), 12-21.

Isci, S. (2002). Bentonit dispersiyonlarina organik ve inorganik katkilarmn
adsorbsiyonunun reolojik ozellikleri tizerine etkisi, Yiiksek Lisans
Tezi, (pp.1-61) Istanbul Teknik Universitesi, Fen Bilimleri Enstitiisi,
Tiirkiye.

Jaishankar, M., Tseten, T., Anbalagan, N., Mathew, B. B., & Beeregowda,
K. N. (2014). Toxicity, mechanism and health effects of some heavy
metals. Interdisciplinary Toxicology, 7(2), 60.

Jaroniec, M., & Choma, J. (1986). Characterization of heterogeneity of
activated carbons by utilizing the benzene adsorption data. Materials
Chemistry and Physics, 15(6), 521-536.

Kabata-Pendias, A., Pendias, H. (2001). Trace elements in soils and plants.



O. Turksoy Terzioglu et al.
3rd ed., (pp. 1-432). CRC Press, Boca Raton New York, Washington,
D.C

Kalipci, E., & Ceylan, Z. (2017). Konya ana tahliye kanalinda agir metal
kirliliginin izlenmesi. Dicle Universitesi Miihendislik Fakiiltesi
Miihendislik Dergisi, 8(3), 649-658.

Kapdan, I. K., & Kargi, F. (2000). Removal of textile dyestufes from
wastewater by adsorptive biodegradation. Turkish Journal of
Engineering and Environmental Sciences, 24(3), 161-170.

Karnib, M., Kabbani, A., Holail, H., & Olama, Z. (2014). Heavy metals
removal using activated carbon, silica and silica activated carbon
composite. Energy Procedia, 50, 113-120.

Mathur, H. B., Agarwal, H. C., Johnson, S., & Saikia, N. (2005). Analysis
of pesticide residues in blood samples from villages of Punjab. Centre
for Science and Environment, India, 1-15.

Matsumoto, H. (2000). Cell biology of aluminum toxicity and tolerance in
higher plants, International Review of Cytology, 1-46.

Mercimek, H. (2007). Trametes versicolor’in tekstil boyalarinin
gideriminde kullamm olanaklari, Yiiksek Lisans Tezi, (pp. 1-74)
Cukurova Universitesi, Fen Bilimleri Enstitiisii, Tiirkiye.

Nayak, P. (2002). Aluminum: impacts and disease. Environmental
Research, 89(2), 101-115.

Ozyigit, I. 1., Dogan, I., Igdelioglu, S., Filiz, E., Karadeniz, S., & Uzunova,
Z. (2016). Screening of damage induced by lead (Pb) in rye (Secale
cereale L.) a genetic and physiological approach. Biotechnology &
Biotechnological Equipment, 30(3), 489-496.

Ozyigit, I. 1., Yalcin, B., Turan, S., Saracoglu, I. A., Karadeniz, S., Yalcin,
I. E., & Demir, G. (2018). Investigation of heavy metal level and
mineral nutrient status in widely used medicinal plants’ leaves in
Turkey: Insights into health implications. Biological Trace Element
Research, 182(2), 387-406.

Ozyigit, I. I., Kaval, A., Cakir, E. A., & Vardar, F. (2019). DNA
fingerprinting and assessment of some physiological changes in Al-
induced Bryophyllum daigremontianum clones. Molecular Biology
Reports, 46(3), 2703-2711.

Pagga, U., & Brown, D. (1986). The degradation of dyestuffs: Part Il
Behaviour of dyestuffs in aerobic biodegradation tests. Chemosphere,
15(4), 479-491.

Pawar, R. R., Kim, M., Kim, J. G, Hong, S. M., Sawant, S. Y., & Lee, S.
M. (2018). Efficient removal of hazardous lead, cadmium, and arsenic
from aqueous environment by iron oxide modified clay-activated
carbon composite beads. Applied Clay Science, 162, 339-350.

Pohl, W. L. (2011). Economic geology: principles and practice. (pp. 1-678).
John Wiley & Sons.

Rahimzadeh, M. R., Rahimzadeh, M. R., Kazemi, S., & Moghadamnia, A.
A. (2017). Cadmium toxicity and treatment: An update. Caspian
Journal of Internal Medicine, 8(3), 135.

Rashed, M. N. (2013). Adsorption technique for the removal of organic
pollutants from water and wastewater. Organic Pollutants-Monitoring,

Front Life Sci RT 2(2) 2021 44-50

Risk and Treatment, 7, 167-194.

Santos, S. C., & Boaventura, R. A. (2008). Adsorption modelling of textile
dyes by sepiolite. Applied Clay Science, 42(1-2), 137-145.

Shevade, S., & Ford, R. G. (2004). Use of synthetic zeolites for arsenate
removal from pollutant water. Water Research, 38(14-15), 3197-3204.

Shrivastava, A. K. (2009). A review on copper pollution and its removal
from water bodies by pollution control technologies. Indian Journal of
Environmental Protection, 29(6), 552-560.

Suresh, G., Ramasamy, V., Sundarrajan, M., & Paramasivam, K. (2015).
Spatial and vertical distributions of heavy metals and their potential
toxicity levels in various beach sediments from high-background-
radiation area, Kerala, India. Marine Pollution Bulletin, 91(1), 389-400.

Sener, S. (2008). Use of solid wastes of the soda ash plant as an adsorbent
for the removal of anionic dyes: Equilibrium and kinetic studies.
Chemical Engineering Journal, 138(1-3), 207-214.

Talarposhti, A. M., Donnelly, T., & Anderson, G. K. (2001). Colour
removal from a simulated dye wastewater using a two-phase anaerobic
packed bed reactor. Water Research, 35(2), 425-432.

Tchobanoglous, G., Burton, F. L., & Stensel, H. D. (1991). Wastewater
engineering. Management, 7, 1-4.

Toprakezer, F. (2009). Nanokompozit sentezinde kullanilacak na-bentonit
kilinin saflastirilmasi, Yiiksek Lisans Tezi, (pp. 1-80) Cukurova
Universitesi, Fen Bilimleri Enstitiisii, Tiirkiye.

Uddin, M. K. (2017). A review on the adsorption of heavy metals by clay
minerals, with special focus on the past decade. Chemical Engineering
Journal, 308, 438-462.

Uzal, N., Yilmaz, L., & Yetis, U. (2005). indigo boyama atiklarmin 6n
aritimi: kimyasal ¢oktiirme on filtrasyon siireglerinin karsilagtirilmast,
6. Ulusal Cevre Miih. Kongresi, 429-437.

Vardar, F., Arican, E., & Gozukirmizi, N. (2006). Effects of aluminum on
in vitro root growth and seed germination of tobacco (Nicotiana
tabacum L.). Advances in Food Sciences, 28(2), 85-88.

Wingenfelder, U., Hansen, C., Furrer, G., & Schulin, R. (2005). Removal
of heavy metals from mine waters by natural zeolites. Environmental
Science & Technology, 39(12), 4606-4613.

Yalcin, I. E., Ozyigit, I. I., Dogan, I., Demir, G., & Yarci, C. (2020). Using
the Turkish red pine tree to monitor heavy metal pollution. Polish
Journal of Environmental Studies, 29(5), 3881-3889.

Yasar, U., & Ozyigit, I. I. (2009). Use of human hair as a potential
biomonitor for zinc in the Pendik District Istanbul Turkey. Romanian
Biotechnological Letters, 14(3), 4474-4481.

Yilmaz, N., Ozyigit, I. I., Demir, H. H., & Yalcin, I. E. (2021). Assessment
on phytoplankton composition and heavy metal pollution in a drinking
water resource: Lake Terkos (Istanbul, Turkey), Desalination and
Water Treatment, 225, 265-274.

Zhang, X., Yang, L., Li, Y., Li, H., Wang, W., & Ye, B. (2012). Impacts of
lead/zinc mining and smelting on the environment and human health in
China. Environmental Monitoring and Assessment, 184(4), 2261-2273.

Cite as: Turksoy, R., Terzioglu, G., Yalcin, I. E., Turksoy Terzioglu, O., & Demir, G. (2021). Removal of heavy metals from textile industry wastewater.

Front Life Sci RT, 2(2), 44-50.

50



Frontiers in Life Sciences and Related Technologies 2(2) (2021) 51-59

FRONTIERS IN LIFE SCIENCES
RELATED TECHNOLOGIES

Contents lists available at Dergipark

Frontiers in Life Sciences and Related Technologies

AND
TECHNOLOGY Journal homepage: http://www.dergipark.org.tr/en/pub/flsrt

Research article

Assessment of genetic diversity on tomato (Lycopersicon esculentum Mill.)
landraces using SSR molecular markers in Turkey

Ahmet Okumus”! ¥, Senay Dagidir?

!Adnan Menderes University, Agriculture Faculty, Agricultural Biotechnology Department, 09010, Aydin, Turkey
2 Ondokuz Mayis University, Science Faculty, Biology Department, 55100, Samsun, Turkey

Abstract

Genetic diversity is getting have been increasingly narrowed by the dense bred cultivar usage for production, on the other
hand, genetic variation created by the landraces is known as the raw material of plant breeding. A collection of 21-landrace and
three-commercial tomato (Lycopersicon esculentum Mill.) genotypes were screened for allele profile, genetic definition and genetic
similarity with the aim of identifying genetic variability in genetic level with 40 SSR loci. Number of alleles per locus ranged from
3 (SSR50, SSR80, SSRY, LEtat002) to 13 (LEat018). Expected and observed heterozygosity values were scored between He: 0.753
and Ho: 0.714 respectively and the mean value of polymorphism information content (PIC) value of these loci was found as 0.694.
Considering distribution of alleles at loci, the highest allele frequency was observed from SSR75 with % 62.5 LEat014 with % 58.3
LEga004 with % 50.0 locus, while the lowest was in AI491065 with 16.6% LEta024 locus. UPGMA (Unweighted Pair-Group
Method using Arithmetic Means) method was conducted for cluster analysis. The dendrogram was consisted 2 main groups; Group
2 was the largest and contained many sub-groups. The highest genetic similarity level of genotypes from Bafra-Merkez and Sivas-
Yukarikale Village was found as 0.776. The lowest similarity ratio was observed between Sivas-Yildizeli-Emirler Village and
Samsun-Carsamba genotypes with 0.136. The obtained results are indicated that genetic diversity information of landraces with
effective SSR loci will help to manage tomato genetic resources for tomato breeding.

Keywords: Genetic diversity; landraces; PIC value; Solanum lycopersicum L.; SSR; tomato

1. Introduction Fentik, 2017). Probably the first tomato entered to Europe was

yellow. Because it is named as golden apple (pomodoro) in Italy.

Tomato (Lycopersicon esculentum Mill. 2n = 2 x = 24),
one of the important species of the Solanaceae family that first
appeared in the region of Andes Mountains in South America, is
one of the most cultivated vegetables in the world. It is known
that today, the cultivated tomatoes are developed by using L.
hirsutum L. peruvianum and L. pimpinellifolium (Cox, 2000;
Vural et al., 2000). Tomato, which has a 100-year history when
it has been taken into culture, has gained a great popularity
especially in the last 25 years for food industry. The arrival of
tomato varieties to Europe was made by Spanish and Portuguese
merchants in the 16th century through seeds (Osma et al., 2012;
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In Europe, for a long time, tomato has not been given importance
due to the belief that it is poisonous. This situation continued
until the 18th century and it was used as food after the testimony
of botanists and gourmets in England and France (Wien, 1987).
Whereas, it was brought to Anatolia almost 150 years ago (in
1900’s) and is now widely grown and consumed admiringly
(Yazgan and Fidan, 1996). Important tomato producers in the
world are; China, India, Turkey and the European Union (EU)
countries. Turkey is the world’s largest tomato producing
country after India and China, realizes 7.11% of the world
production (Tridge, 2021). Also, it realizes 3.4% of world
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exports and ranks 8th (World’s Top Exports, 2021).

Increasing the yield of tomatoes per unit area in the world
goes through the use of productive and disease-resistant varieties
in addition to planting and maintenance. Plant genetic resources
have played an important role in increasing yield and disease
resistance. Breeding studies, in which new varieties are
developed, gain importance with the adequate evaluation of
plant genetic resources. Plant genetic resources; the village
populations defined as local varieties consist of their wild
relatives, unused old varieties and genotypes with clearly
defined hereditary characteristics. In particular, protection of
wild species is extremely important for future plant breeding
studies. These valuable resources are in danger of decreasing or
even disappearing due to environmental and other pressures in
the regions where they are located. Culture varieties have
become homogeneous in terms of gene structures and contain
much less genetic diversity than primitive forms and their wild
relatives. Wild species, on the other hand, are gene stores that
have a wide genetic basis and constitute an important resource
in solving the problems that may arise in the future of cultivated
plants or in gaining new features to the plants (Ozgen et al.,
1995; Can et al., 2019; Hocaoglu-Ozyigit et al., 2021).

However, in a study conducted in the Netherlands, it was
stated that as a result of today’s breeding studies, more diversity
occurred compared to the 1950s (Schouten et al., 2019). Due to
the increased awareness of the need for genetic diversity in
tomatoes and the benefits of vegetables and fruits grown in local
resources, more attention has recently been given to the
restoration of genetic diversity in tomato species (Henareh et al.,
2015; 2016; Castellana et al., 2020). Molecular techniques are
the most used technologies in recent years to determine genetic
diversity in breeding studies on tomato plants. Especially, with
SSR markers genetic variation has been quite informative in
order to detect diversity in tomato genome. It has been proved
by various researchers that SSR technique can be used in the
purity tests of tomato breeding lines in determining genetic
relationships, characterizing and identifying varieties (Kaemmer
et al., 1995; Tam et al., 2005; Garcia-Martinez et al., 20006).

The Solanacea Genome Project (SGN) is trying to reveal
the tomato genome and approximately 40% of the tomato
genome is complete (Sol Genomics, 2021). This study will be
able to shed light on the future studies of the National Gene Bank
by applying the SSR technique, which is used to create a gene
bank in the world and collect varieties in a database He et al.
(2003), developed and characterized SSR markers, 158 pairs of
SSR primers were screened in 19 different tomato set varieties.
They obtained 129 pairs of DNA fragments were and 65 of them
were found to be polymorphic, and 19 sets of tomato varieties
were classified according to their polymorphic SSR loci. Garcia-
Martinez et al. (2006), used combinations of 19 SSR markers
and 7 AFLP primers to characterize 48 local tomato varieties of
south-eastern Spain and reported that SSR and AFLP markers
were effective in the identification of local cultivated tomatoes.
Tam et al. (2005) used SSAP, AFLP and SSR methods to
determine genetic relatedness in commercially important
tomatoes and peppers. In SSR method, they used 16 primer sets
for tomato and 13 primer sets for pepper. They scored 39
different alleles for tomato and 31 different alleles for pepper.
They found that the total number of alleles per primary in tomato
as 2.44 and the number of polymorphic alleles as 2.44 (100%).
In pepper, the number of alleles per primary by SSR method was
2.385 and the number of polymorphic alleles was 2.385 (100%).
They reported that the SSR method is a method reveals the
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specific characteristics of the plant. In order to determine genetic
diversity in 39 inbred tomato lines, Benor et al. (2008) used 35
types of SSR polymorphic markers collected from China, Japan,
South Korea and USA. They determined that these tomato lines,
from which 150 alleles were obtained, showed moderate
variation, and some varieties gave unique alleles. They reported
that the number of alleles per locus was 4.3 and the average
polymorphism information content (PIC) was 0.31. They also
stated that there is a separate and more distant kinship in the
USA variety, which is one of the 39 tomato lines.

Although Turkey it is not included in the center or origin
of the Solanaceae family, which tomato is included, has been
obtaining seed production by farmers. As a result, it has adapted
to different conditions and a natural gene pool containing
different types has been formed (Dilbirligi, 2007). In this
research, in order to reveal the genetic diversity of the different
regions of Turkey, the seeds produced by farmers were selected.
It was aimed to make identification at the DNA level, to reveal
the genetic relationships (similarities or differences) and to
determine some morphological characteristics using 40 SSR
primers on a total of 24 tomato varieties.

2. Materials and methods
2.1. Plant materials

This research was carried out in the greenhouse and
Agricultural Biotechnology Laboratory of Ondokuz Mayis
University Faculty of Agriculture, Department of Agricultural
Biotechnology. In the study, 21 local tomato varieties collected
from different regions of our country, which are thought to be
different from each other, and three commercial tomato varieties
were used (Table 1).

Table 1
The genotype codes and their collected regions.
No  Genotype Codes  Collected Regions
1 GRC GIRESUN-CAVUSLU
2 UNS UNYE-SOFUTEPESI
3 UNM UNYE
4 SMM1 SAMSUN
5 SVYE SIVAS-YILDIZELI-EMIRLER
6 SVYl SIVAS-YUKARIKALE
7 SVK SIVAS-KOYULHISAR
8 SVGK SIVAS-GEMEREK-KUMEOREN
9 BFM1 BAFRA
10 NDM NIGDE
11 SVA SIVAS-AKKUZULU
12 SVY2 SIVAS-YUKARIKALE
13 SVY3 SIVAS-YUKARIKALE
14 KRSB KARABUK-SAFRANBOLU-BOSTANBUKU
15 AMGS AMASYA-GUMUSHACIKOY-SALLAR
16 ANKC ANTALYA-KAS-CAVDIR
17 SME SAMSUN-ENGIZ
18 SMC SAMSUN-CARSAMBA
19 MLBM MUGLA-BODRUM-MUMCULAR
20 SMCI SAMSUN-CINARLIK
21 AYNP AYDIN-NAZILLI-PIRLIBEY
22 UCW1 COMMERCIAL
23 Uucw2 COMMERCIAL
24 UCW3 COMMERCIAL

While the genotype codes used in the study were prepared,
two consonants of the province from which the sample was
taken, and the following ones define the district and village (for
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Fig. 1. The localities, where tomato genotypes are collected.

example; GRC: Giresun-Cavuslu), while commercial varieties
were coded as UCW1, UCW2, and UCW3. The code numbers
of the tomato genotypes used in the experiment and the places
where they were collected are given in Fig. 1 and Table 1.

2.2. DNA isolation and PCR

DNA isolation of 24 tomato varieties studied in the study
was performed according to the method of CTAB DNA isolation
protocol developed by Doyle and Doyle (1991), while DNA
quality and quantity measurements were made using 0.8%
agarose gel and spectrophotometer (Biophotometer, Eppendorf,
Hamburg, Germany). Thermal Cycle Device (PEQLAB Primus
96 Gradient PCR Thermal Cycler) was used for DNA
reproduction and PCR optimization studies. In PCR
amplification; a total of 25 ul PCR mix was prepared: 4 ul DNA,
2 pl primer 1, 2 pl primer 2, 8 pl TMastermix, 9 pl water. For
DNA amplification, in PCR at 94 °C for 5 min, at 94 °C; 35
cycles 55 °C 1 min, 72 °C 2min, 94 °C 1 min last cycle was 55
°C 1 min and 72 °C 7 min protocol was applied.

2.3. Primers

It was made with primers that were selected from primer
sets that showed the most allelic variation previously used in
tomato genotypes. The selection of primers was made according
to types that show a selective difference between populations
with at least 3 alleles, and care was taken to consist of primers
that can be used as a standard in seed purity and genetic
differences, which will guide further research. Care was taken to
distribute the primers as evenly as possible into the genome. The
primer set used is given in Table 2. For this purpose, 40 SSR
primer sets in tomato genome bank (Sol Genomics, 2021) were
used.

2.4. Statistical analysis

The scoring process of gels, the data of the markers were
coded in a binary system according to the presence and absence
of the bands indicating alleles.

According to this, genetic parameters; number of alleles per
locus (n), allele frequency, expected heterozygosity (He),
observed heterozygosity (Ho), effective allele number (Ae) and
polymorphism information content (PIC) of microsatellite
markers used were also calculated. Dendrogram of genotypes
was created and visualized with software program NTSYS
(version 2.02g, Exeter Software, Setauket, NY). UPGMA
(Unweighted Pair-Group Method using Arithmetic means)
method was used for dendrogram. Statistical methods and
formulas used to evaluate the data obtained from microsatellite
markers that summarized below.
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2.4.1. Expected heterozygosity (He)

The most commonly used measure of genetic variation in
a population is heterozygosity. For haploid data, the h = 1-pi’
formula is used to calculate genetic diversity, while in
codominant molecular marker studies, the formula He = 1-Zpi?
is used to calculate the expected heterozygosity (Peakall and
Smouse, 2010). The pi value here shows the frequency of the “i”
allele in the sample studied (Nei, 1987).

2.4.2. Observed heterozygosity (Ho)

The observed heterozygous value calculated per locus is
the ratio between the heterozygous genotypes and the total
genotype analyzed.

Ho = number of heterozygotes at a locus / total number of
genotypes

2.4.3. Allele count

Another indicator of genetic variation is the number of
alleles per locus (A). This criterion, also known as allelic
richness, is affected by the number of samples (Nei, 1987).

Average Na =Xnai/r

nai: number of alleles of locus 1, r: number of loci
2.4.4. Effective number of alleles (Ne)

It is a strategic parameter used in measuring diversity in
codominant molecular marker studies. This calculation provides
meaningful comparisons of allelic diversity between different
allele frequency distributions and locus, thus providing an
estimate of the ideal allele number (Peakall and Smouse, 2010).

This criterion, developed by Kimura and Crow (1978), is
the reciprocal of homozygousness.

Ne =1/ Zpi?
Ne: effective number of alleles
xi: is the frequency of the i allele.
2.4.5. Polymorphism information content (PIC)

Polymorphism information content is a value that measures
the usefulness and informative level of a marker and shows a
structure dependent on the number of alleles determined and the
frequency distribution of these alleles (Botstein et al., 1980).
This value is calculated as PIC = 1-Zpi2-Zpi’pj2. Where pi and
pj are the “i” and “j” alleles, respectively. All these statistical

values are shown in Table 3.

2.4.6. Genetic similarity

Genetic distance is the magnitude of gene differences
between species (or population) pairs. These values are
generally equivalent to geometric distances, so a distance value
of “0” indicates no difference.

Similarity (I) and distance (D) values are complementary
to each other 1+ D =1).
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Table 2
The primer sets used in this study.
NO PRIMERS REPEATS SEQUENCES
1 SSR47 (at)14 F: tcc tca aga aat gaa get ctg a R: cct tgg aga taa caa cca caa
2 LEttc002 (ac)3(ttc)6 imp F: ttc tca cac ctg cac aca cc R: agc ggg atg att aca gaa atg
3 SSR139 (aga)2, (gaa)7 F: tgg gta tgg gat tta cac caa R: aaa cga agg caa caa cga ag
4 Tom236-237 (at)16 F: gtt ttt tca aca tca aag age t R: gga tag gtt tcg tta gtg aac t
5 SSR572 (te)11 F: aat tca cct ttc ttc cgt cg R: tgc aaa gaa caa aga ccg tg
6 LEat014 (at)9 F: tgt gtt gcg tca tta cca cta aac R: ccc aac cac caa tac ttt cc
7 SSR50 (te)6, (ccttc)2 F: ccg tga ccc tet tta caa ge R: ttg ctt tct tet teg cea tt
8 U81996 (ta)14 F: agg ttg atg aaa gct aaa tct gge R: caa cca cca atg ttc att aca aga ¢
9 TMS37 (ga)21(ta)20 F: cct tgc agt tga ggt gaa tt R: tca age acc tac aat caa tca
10 LEta019 (ta)20 F: tgt aga taa ctt cct agc gac aat ¢ R: acg gac gga tgg aca aat g
11 LEat018 (at)29 imp F: cgg cgt att caa act ctt gg R: gcg gac ctt tgt ttt ggt aa
12 TMS26 (ga)20 F: ttc ggt tta ttc tgc caa cc R: gec tgt agg att ttc gee ta
13 AQ368062 (ta)19 F: tga tcc taa get ttt tce gtg agt R: caa gtt cac ctc att tca cce ct
14 Y08306 (ta)11 F: aac ggt gga aac tat tga aag g R: cac cac caa acc cat cgt ¢
15 SSR80 (tttcaa)2, (gtacaa)2, (caa )7 F: ggc aaa tgt caa agg att gg R: agg gtc atg ttc ttg att gtc a
16 SSR9 (ata)10 F: cce ttt gea agt tct tct tca R: tte atg age caa cat agg agg
17 SSR75 (aat)9 F: cca tet att atc ttc tct cca aca ¢ R: ggt ccc aac tcg gta cac ac
18 Al773078 (aat)14 F: gat gga cac cct tca att tat ggt R: tcc aag tat cag gca cac cag c
19 Al491065 (at)9 F: act gca ttt cag gta cat act ctc R: ata aac tcg tag acc ata ccc tc
20 Y09371 (at)12 F: tga gaa caa cgt tta gag gag ctg R: cgg gca gaa tct cga act ¢
21 AlIB95126 (ta)9 F: gct ctg tce tta caa atg ata cct cc R: caa tge tgg gac aga aga ttt aat g
22 LEta017 (ta)5 F: gag cac cca tta att tcg tta cg R: gtg gcg gat cta gaa att taa act g
23 SSR136 (cag)7 F: gaa acc gcc tct ttc act tg R: cag caa tga ttc cag cga ta
24 LEat016 (at)9 F: ccc aaa tgc tat gca ata cac R: agt tca gga ttg gtt taa ggg
25 LEgt001 (at)17(gt)18 F: aga att ttt tca tga aat tgt cc R: tat tgc gtt cca cte cct ct
26 LEta014 (ta)31(gata)13 imp F: aca aac tca aga taa gta aga gc R: gtg aat tgt gtt tta aca tgg
27 LEta024 (tg)4(ta)s F: taa ata caa aag cag gag tcg R: gag ttg aca gat cct tca atg
28 LEtat003 (gt)2(ta)3(tat)6 imp F: cat ttt atc att tat ttg tgt ctt g R: aca aaa aaa ggt gac gat aca
29 LEtat002 (tat)12 F: acg ctt ggc tge ctc gga R: aac ttt att att gec acg tag tca tga
30 LEta023 (ga)24(ta)31 imp F: att gct cat aca taa ccc cc R: ggg aca aaa tgg taa tcc at
31 LEta021 (ta)l1 F: ttc ttc cgt atg agt gag t R: ctc tat tac tta tta tta tcg
32 LEta017 (ta)5 F: gag cac cca tta att tcg tta cg R: gtg gcg gat cta gaa att taa act g
33 LEta016 (ta)14 F: agg ttg atg aaa gct aaa tct gge R: caa cca cca atg ttc att aca aga ¢
34 LEta012 (ta)19 F: tga tcc taa get ttt tcc gtg agt R: caa gtt cac ctc att tca cce ct
35 LEta007 (ta)20 F: gec gtt ctt ggt gga tta g R: cct cct tte gtg tet ttg te
36 LEgata002 (gata)26 F: ttg gta att tat gtt cgg ga R: ttg agc caa ttg att aat aag tt
37 LEgata001 (gata)45 F: cte tct caa tgt ttg tct ttc R: gca agg tag gta get agg ga
38 LEga004 (ga)26 imp F: agc atg gga aga aga cac gt R: ttg agc aaa aca tcg caa tc
39 Al780156 (ct)12 F: tcc aat ttc agt aag gac ccc tc R: ccg aaa acc ttt get aca gag tag a
40 LEct004 (ct)3cl4(ct)23 F: agc cac cca tca caa aga tt R: gtc gea cta tcg gtc acg ta

Genetic distance is a statistical measure that has been
standardized as an evaluation scale in the investigation of gene-
tic differences and provides an evaluation scale. The most
commonly used genetic distance value is Nei’s Genetic Distance
(Nei, 1972). Genetic similarity between the two genotypes (I);

[=2NXY /NX+NY

It is calculated by the formula (Nei and Li, 1979). Where
Nxy; the bands shared by the two genotypes (x and y); Nx and
Ny show the individual band numbers of x and y. Nei and Li
(1979) reported that genetic distance is the negative (-) natural
logarithm of the measure of genetic similarity.

-In (D)
D; It means genetic distance.

In terms of 40 microsatellite markers used, the genetic
similarity and distance conditions of the 24 studied genotypes
were calculated using the NTSY Spc v2.11 program according to
the above formulas (Rohlf, 1998).
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3. Results and discussion
3.1. Genotypic parameters

Imaging and scoring of the gels was done on the Syngene-
Gene Tools (Cambridge, UK) gel documentation device and the
molecular sizes of the PCR products in bp were extracted. In the
study, for the analysis of 24 tomato genotypes with 40
polymorphic SSR loci, the number of alleles at each locus (n),
allele frequency, expected (He) and observed heterozygosity
(Ho), predicted silent allele (null) frequency (r) and
polymorphism information content (PIC) were determined
(Table 3). Genetic difference was measured by calculating
expected heterozygosity as 1-pi2. The pi value here shows the
frequency of the “i” allele in the sample studied (Nei, 1987). The
observed heterozygosity is the ratio between the heterozygous
genotypes and the total genotype analyzed. The estimation of the
presence of the null allele was calculated as (He-Ho) / (1+ He)
(Brookfield, 1996). All these statistical values and parameters
are shown in Table 3. Accordingly, the number of alleles, one of
the components of genetic diversity, varied from 3 to 13, giving
an average value of 6.4. The number of effective alleles (Ne)
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Table 3
Statistical values and parameters of polymorphism information content.

No Loci Na He Ho r Ne PIC
1 SSR47 4 0.698 0.584 0.067 33 0.600
2 LEttc002 7 0.723 0.719 0.002 3.6 0.718
3 SSR139 8 0.820 0.817 0.001 5.5 0.802
4 Tom?236-237 5 0.745 0.671 0.042 3.9 0.640
5 SSR572 5 0.749 0.710 0.022 3.9 0.686
6 LEat014 4 0.546 0.625 -0.051 2.0 0.545
7 SSR50 3 0.605 0.595 0.068 2.5 0.455
8 U81996 10 0.867 0.859 0.004 7.5 0.866
9 TMS37 4 0.691 0.680 0.006 32 0.614
10 LEta019 7 0.788 0.666 0.068 4.7 0.708
11 LEat018 13 0.911 0.903 0.004 11.2 0.903
12 TMS26 6 0.747 0.750 -0.001 3.9 0.659
13 AQ368062 6 0.757 0.875 -0.067 4.7 0.745
14 YO08306 5 0.773 0.709 0.036 4.4 0.707
15 SSR80 3 0.653 0.417 0.142 2.8 0.540
16 SSR9 3 0.652 0.333 0.193 2.6 0.539
17 SSR75 4 0.558 0.702 -0.092 2.2 0.340
18 Al773078 4 0.648 0.789 -0.085 2.8 0.512
19 Al491065 10 0.880 0.875 0.002 8.3 0.879

20 Y09371 8 0.846 0.835 0.005 6.5 0.833

21 AlIB95126 4 0.670 0.626 0.026 3.0 0.554

22 SSR136 10 0.866 0.790 0.040 7.5 0.829

23 LEta017 8 0.852 0.750 0.055 6.7 0.809

24 LEat016 4 0.718 0.625 0.054 3.0 0.674

25 LEgt001 7 0.785 0.682 0.057 4.6 0.745

26 LEta014 9 0.830 0.792 0.020 5.8 0.823

27 LEta024 11 0.880 0.877 0.001 8.3 0.878

28 LEtat003 8 0.809 0.792 0.009 5.2 0.807

29 LEtat002 3 0.600 0.458 0.088 2.5 0.474

30 LEta023 9 0.818 0.824 -0.003 5.5 0.817

31 LEta021 6 0.804 0.755 0.027 5.1 0.735

32 LEata004 4 0.669 0.625 0.026 3.0 0.529

33 LEta012 4 0.679 0.628 0.030 3.1 0.561

34 LEta007 10 0.871 0.844 0.014 7.7 0.863

35 LEgata002 9 0.850 0.837 0.007 6.6 0.848

36 LEgata001 4 0.712 0.625 0.050 34 0.651

37 LEga004 5 0.642 0.638 0.002 2.8 0.645

38 Al780156 5 0.732 0.705 0.015 3.7 0.651

39 LEct004 11 0.878 0.874 0.002 8.2 0.870

40 Umcl178 6 0.798 0.709 0.049 4.9 0.736

Loci 256 - - - - -
Mean 6.4 0.753 0.714 - 4.752 0.694

Na: Number of alleles observed in the locus, He: Expected heterozygosity rate, Ho: Observed heterozygosity rate, r: Estimated null allele
frequency, Ne: Effective allele number, PIC: Polymorphism information content.

varied from 11.2 to 2, with an average value of 4.75. While
LEat018 locus gave the highest number of alleles, the lowest
number of alleles were seen in SSR50, SSR80, SSR9 and
LEtat002 loci. In addition, these loci were found to have the
highest and lowest effective allele values. 11.2 for the LEat018
marker; it was found as 2 for the LEat014 marker. These loci
were also found to be the marker loci with the highest and lowest
polymorphism information content values. The PIC value for the
LEat018 marker was 0.903; PIC values for SSR50, SSR&0,
SSR9 and LEtat002 markers were calculated as 0.455-0.540-
0.539-0.474, respectively. The average PIC value of the loci
used was found to be as 0.694.

The average expected and observed heterozygosity rates
were found to be as 0.753 and 0.714, respectively. The predicted
null allele frequency was negative at 6 loci and positive at 34
loci. In a study, PIC value at 37 loci was higher than the value
of 0.05 (Sefc et al., 2001). This situation indicates that these
selected microsatellite markers are indeed highly polymorphic
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in tomato.

Looking at the loci individually, 24 genotypes gave
LEat018 loci with 13 alleles at most, and this was LEta024,
LEct004, (11 alleles), U81996, AI491065, SSR136, LEta007
(10 alleles), LEta014, LEta023, LEgata002, (9 alleles), SSR139,
Y09371, LEta017, LEtat003 (8 alleles), LEttc002, LEta019,
LEgt001 (7 alleles), TMS26, AQ368062, LEta021, Umc1178 (6
alleles), Tom236-237, SSR572, Y08306, LEga004, Al 580)
SSR47, LEat014, TMS37, SSR75, Al773078, AI895126,
LEata004, LEat016, LEgata001, LEta012 (4 alleles) followed
loci. The least alleles gave SSR50, SSR80, SSR9 and LEtat002
as 3 alleles.

Allele numbers and frequencies of 40 loci examined in 24
genotypes are given in Table 3. Accordingly, at the LEat018
locus, 184, 186, and 195 alleles were the most common among
genotypes giving 37.5% the highest frequency. In the study,
when the loci used for the 24 genotypes were examined one by
one, it was determined that the locus with the lowest number of
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effective alleles (LEat014) was not among the loci with the
lowest allele. Likewise, the most common allele in 24 genotypes
were 186 (20.8%) at the LEta017 locus, 284.281 (29.2%) at the
SSR572 locus, 237.235 (33.3%) at the TMS26 locus, 274.280
(29.1%) at the LEta019 locus, 288 (33.3%) at the LEgt001 locus,
206.214 (16.6%) at AI491065 locus, 196 (20.8%) at U81996
locus, 338 (33.3%) at LEgata001 locus, 201 (41.6%) at SSR80
locus, 198 (32.2%) at SSR139 locus, At LEata004 locus 184
(45.8%), at LEga004 locus 270 (50.0%), at LEta023 and
LEta014 loci 178 (30.4% -29.16%), at LEttc002 locus 157
(45.8%), at LEta024 locus 290-288 (16.6%), at LEtat003 locus
102 (29.1%), at Umc1178 locus 183-185 (25.0%), at AQ368062
locus 284 (37.5%), at locus Y08306 198 (29.2%), Tom236-195
(37.5%) at 237 locus, 172 (20.8%) at SSR136, 250 (29.1) at
LEta021 locus, 364 (20.8%) at LEct004 locus, 184 (37.5%) at
LEat016 locus, LEat014 at the locus 210 (58.3%), at the
AIB95126 locus 116 (41.6%), at the SSR50 locus 200 (50.0%),
at the TMS37 locus 154 (33.3%), at the SSR75 locus 163
(62.5%), 264 (41.6%) at LEta012 locus, 187 (41.7%) at SSR9
locus, 160 (45.8%) at AI773078 locus, 314 (37.6%) at SSR47
locus, 295 (45.6%) at LEtat002 locus, There were 312 (20.8%)
alleles at the LEta007 locus, 354-349 (20.8%) at the LEgata
locus, 175 (25.0%) at the Y09371 locus, and 118-123 (33.3%)
at the AI780156 locus. Among the genotypes studied, SSR572
(284.281), TMS26 (237.235), LEta019 (274.280), LEgata001
(338), SSR80 (201), Tom 236-237 (195), LEat016 (184), SSR50
(200), SSR75 (163), Alleles with high rates at LEta012 (264),
SSR9 (187), AI773078 (160), LEta007 (312), A1780156 (118-
123) and other loci were also seen in commercial genotype
varieties, including native genotype varieties. Therefore, we
cannot use the expression that these are alleles belonging only
to native genotype varieties. However, the most common 184-
186 in LEat018 locus are at LEta017 locus, 288 at LEgt001
locus, 206-214 at AI491065 locus, 196 at U81996 locus, 198 at
SSR139 locus, 184 at LEata004 locus, 270 at LEga004 locus,
178 at LEta023 and LEta014 locus, LEttc002 locus ), 290-288
at LEta024 locus, 102 at LEtat003 locus, 183-185 at Umc1178
locus, 284 at AQ368062 loci, 198 at Y08306, 172 at SSR136,
250 at LEta021 locus, 364 at LEct004 locus, 210 at LEat014
locus 154, 116 at SSR37 locus 314 at locus, 295 at LEtat002
locus, 175 at Y09371 locus were only seen in native genotype

varieties.
The similarity ratio index was found by calculating Genetic
Distance D = 1- (shared allele ratio) (uniqueness ratio,

dissimilarity) with NTSYSpc v2.11 (Rholf, 2000) program. This
value was then transformed into similarity ratio. Genetic
similarity values of genotypes are given in Table 4.

Accordingly, the highest genetic similarity was found
between SVY2 [12] and BFM1 [9] (0.776), SMC [18] and
AYNP [21] (0.698) and CRSB [14] and ANKC [16] (0.604).
The shared allele ratio ranged from SVYE [5] to SME [17] with
a value of at least 0.211. Genetic similarity value of commercial
genotypes were found as UCW1 [22] and UCW?2 [23] (0.578),
UCW1 [22] and UCW3 [24] (0.498), UCW2 [23] and UCW3
[24] (0.317). Therefore, the result is that these varieties are
different.

The greatest genetic similarity with commercial genotypes
was found to be UCW1 [22] and SVGK [8] (0.589), UCW2 [23]
and GRC [1] (0.568) and UCW3 [24] and SVY2 [12] (0.544).
The lowest genetic similarity with commercial genotypes was
found as UCW3 [24] and KRSB [14] (0.362), UCW2 [23] and
BFM1 [14] (0.241) and UCW1 [22] and SMC1 [20] (0.217).
Dendrogram NTsys of genotypes (version 2.02g. Exeter Soft-
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Table 4
Genetic similarity values of tomato genotypes.
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ware. Setauket. NY created and visualized with software
program. UPGMA (Unweighted Pair-Group Method using
arithmetic means) method was applied for cluster analysis.
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Fig. 2. Genetic diversity dendrogram between tomato genotypes.
Table 5
Morphological characteristics of the tomato genotypes.
Genotype Codes Plant Type Ll “E::llﬂ:)- Length LOCI:)‘: ll?i l::i':bers Maturity Time Fruit Type
1-GRC Determinate 12.39-12.92 2 Early Round
2-UNS Indeterminate 57.02-52.89 3 Medium Round
3-UNM Determinate 65.74-52.70 6 Late Slightly Flattened
4-SMM1 Indeterminate 94.43-56.81 11 Late Flattened
5-SVYE Indeterminate 81.48-55.50 8 Late Flattened
6-SVY1 Indeterminate 12.43-19.47 2 Late Cylindrical
7-SVK Determinate 65.45-62.79 8 Late Pear-shaped
8-SVGK Determinate 25.35-27.09 2 Medium Round
9-BFM1 Determinate 97.79-60.13 8 Early Flattened
10-NDM Determinate 43.70-62.76 2 Early Oval
11-SVA Indeterminate 92.13-56.02 11 Medium Flattened
12-SVY2 Determinate 84.12-72.22 9 Medium Flattened
13-SVY3 Determinate 11.72-16.23 2 Medium Oval
14-KRSB Determinate 51.81-73.90 2 Medium Oval
15-AMGS Determinate 92.13-57.26 13 Medium Flattened
16- ANKC Determinate 49.50-3.83 4 Medium Oval
17- SME Determinate 49.81-43.29 2 Medium Slightly Flattened
18-SMC Determinate 52.60-49.72 3 Medium Round
19-MLBM Determinate 51.65-48.82 3 Early Round
20-SMCI Determinate 85.30-70.55 6 Late Round
21-AYNP Determinate 72.77-53.26 5 Medium Slightly Flattened
22-UCWI1 Indeterminate 45.35-37.12 2 Early Slightly Flattened
23-UCW2 Indeterminate 41.54-38.72 2 Early Round
24-UCW3 Determinate 94.72-57.08 10 Medium Flattened

Dendrogram of tomato genotypes are given in Fig. 2. When
the dendrogram is examined, 2 main groups stand out. There
were 5 subgroups within the second (2) group, including the
majority of genotypes, and 3 subgroups within the first (1)
group. Commercial (22), Commercial (23), Commercial (24)
varieties used as commercial varieties have been observed to
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form a separate subgroup within the first (1) group. In the
dendrogram, the genetic similarities (0.776) of the Bafra-
Merkez and Sivas-Yukarikale Village cultivars assessed by the
shared allele ratios are clearly seen. Again, a close genetic
similarity value of 0.604 between Samsun-Carsamba and Aydin-
Nazilli (0.698), which are genetically close, and Karabuk-
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Safranbolu and Antalya-Kas, is also seen in the dendrogram.
Sivas-Yildizeli, which is linked to Unye-Merkez and Samsun-
Merkez varieties, is also closely linked in the dendrogram due to
their genetic proximity to these two varieties.

3.2. Morphological parameters

When the morphological characteristics of the genotypes
were examined (Table 5), it was observed that the fruit diameter,
number of fruit lobes, harvest times and especially fruit shapes
of Bafra-Merkez and Sivas-Yukarikale Village varieties were
similar. These similarities are seen with both genetic similarity
and genetic relationship dendrogram. The morphological
similarities between Samsun-Carsamba and Aydin-Nazilli,
which are genetically close, and Karabuk-Safranbolu and
Antalya-Kas are also striking. If it is compared the genetic data
as dendrogram and morphological data, it seems that there is no
grouping due to morphological parameters.

In this study covering the assessment of genetic diversity
on tomato landraces, SSR marker analysis gave a great of
information about the distinguishing of landraces. However, Nei
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Oz

Sterilizasyon, hastane enfeksiyonlarini kontrol etmek icin en etkili yontemlerden biridir ve uluslararast standardizasyon
kurulusunun belirledigi standartlara gére uygulanmaktadir. Sterilizasyon yontemi, tibbi malzemenin fiziksel 6zelliklerine gore
secilmektedir. Bu calismada biyolojik indikatorler, islemin uygulanacagi malzeme ve zaman parametresi degerlendirilerek
uretilmistir. Geobacillus stearothermophilus spor formda olup, biyolojik indikatér yapiminda yaygin olarak kullanildigindan bu
calisma icin secilmistir. Vejetatif formda olmasi ve diisiik sicakliktaki sterilizasyon yontemlerine verdigi cevap siiresiyle secilen bir
diger bakteri de Escherichia coli olmustur. Segilen iki bakteriyle ¢iftli kontrol yapilmistir. G. stearothermophilus ve E. coli
bakterilerinin biiyiimesi i¢in glukoz ve nisasta besin maddesi olarak kullanilmigtir. Ardunio Uno ve TCS3200 renk sensori ile
hazirlanan sistemden bakteri ve besin maddelerinden hangisinin daha hizli sonug¢ verdigi test edilmistir. Caligmanin sonuglarina
gore iki bakterinin de otoklav biyoindikatorii olarak kullanima uygun, halk sagligi ¢alismalari agisindan yeterli oldugu goriilmiistiir.
Bu ¢alismadan elde edilen sonuglar, elektronik ve optik donanimi1 sayesinde insan géziinden daha hizli ve dogru okuyabilen, analitik
veriler ile optimize edilip, kayit altina alinabilen bir cihazla kalite kontrol siireglerinin daha dogru yapilabilecegini gostermistir.

Anahtar kelimeler: Biyolojik indikator, hijyen; optik donanim; sterilizasyon

Designation of bioindicator system for controlling the medical sterilization

Abstract

Sterilization is one of the most effective methods to control hospital infections, and is applied according to the standards set
by the international standardization organization. The sterilization method is selected according to the physical properties of the
medical material. In this study, biological indicators were produced by evaluating the material and time parameters of the process.
Geobacillus steorothermophilus is in spore form and was chosen for use in this study because it is widely used in making biological
indicators. Escherichia coli was another bacterium selected for its vegetative form and its response time to low-temperature
sterilization methods. Paired control was performed with two selected bacteria. Glucose and starch were used as nutrients for the
growth of G. stearothermophilus and E. coli bacteria. It was tested which of the bacteria and nutrients gave faster results from the
system prepared with the Arduino Uno and TCS3200 color sensor. According to the results of the study, it was seen that both
bacteria were suitable for use as autoclave bioindicators and were sufficient for studies in terms of public health. The results obtained
from this study showed that quality control processes can be done more accurately using a device, which read faster and more
accurately than the human eye and be optimized and recorded with analytical data with its electronic and optical equipment.

Keywords: Bioindicators; hygiene; optical devices; sterilization
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N. Kanyilmaz & A. Koluman
1. Giris

Sterilizasyon,  tiim  mikroorganizmalarin  ortadan
kaldirilmas: islemidir (Albert ve ark., 1998). Sterilizasyonun
standartlarina uygun adimlar ile tibbi malzemelerin iiretimi ve
kullantminda  gerekli  prosediirler saglanmaktadir. Tek
kullanimlik olmayan tiim tibbi malzemelere sterilizasyon
uygulanir ve sterilizasyon basarisiz oldugunda enfeksiyonlara
neden olabilir (Panta ve ark., 2019). Sterilizasyon isleminin
basarisiz olmasi insan sagligi acisindan risk olusturdugu icin
medikal malzemelerin mikroorganizma barindirma olasilig1
kontrol edilmektedir (Albert ve ark., 1998; Panta ve ark., 2019).

Hastane enfeksiyonlarinin kontrol altina alinmamasi, 6lim
ve maliyet artisina sebep olmaktadir. Bu nedenle hastane
giderlerinin  biiyiik bir boliimi tekrar  kullanilabilen
malzemelerin sterilizasyonu igin ayirilmaktadir (Castillo, 2017).
Endiistriyel uygulamalarda sterilizasyon islemi sonunda kalan
mikroorganizma degeri SAL (Sterility Assurance Level) ile
tanimlanmaktadir. ~ Sterilizasyon yontemleri; sterilizasyon
isleminin ekonomikligi, mikrobiyal uzaklastirma
mekanizmalari, malzemenin uygunlugu, yasal gereklilikler ve
calisma parametrelerine gore secilmektedir. Sterilite direkt
olarak 6l¢iilmedigi i¢in validasyon islemi biyolojik ve kimyasal
indikatorler sayesinde yapilmaktadir. Kontrol sistemi tasarlama
asamasinda ilk olarak sterilizasyon sartlarina direngli bir
mikroorganizma segilmektedir. Steril olmasi istenen iriin ile
sterilizasyon arasindaki etkilesimin basarisi kimyasal indikator
ile, sterilizasyon dongiisiine karst  direnci  etkileyen
parametrelerin etkisi ise biyolojik indikator ile belirlenmektedir
(Caylan, 2003).

Sterilizasyonun  gerceklestirilmesinde yaygin olarak
kullanilan otoklav cihazlari; gida, kimya, mikrobiyoloji, tip, dis
hekimligi, veterinerlik sektorlerinde 6ne ¢ikmaktadir. Steril
edilecek malzemeye gore secilen sterilizasyon yontemi
degismektedir. Yaygin kullanilan buharla sterilizasyon, buharla
doymus bir ortamda 100 °C’den daha yiiksek sicaklik ile yapilan
sterilizasyon ¢esididir ve 121 °C’de 1,5 atmosfer basingta 15
dakikada etkin degerini gosterir. Otoklavlarin sterilize edilecek
ortama ve malzemeye bagl olarak boyutu ve islevi farklilik
gostermektedir. Bir diger yaygimn kullanilan yontem kuru hava
ile sterilizasyonda Pastor firmlari, 175 °C’de 1 saat, 140 °C’de
3 saat iglem siirelerine sahiptir. Sicaklik, basing, nem,
konsantrasyon verilerinin sensorler araciligiyla cihaz ekraninda
gorilintiilenmesiyle sterilizasyon kontroliiniin ilk agsamasi
gergeklestirilmektedir.  Kimyasal  indikatorler,  paketin
yerlestirildigi yerde maruz kaldig1 islem sonunda kimyasal veya
fiziksel degisikliklere ugrayarak renk degisimi sayesinde
sterilizasyon islemi bittiginde sonug gosteren indikatorlerdir.
Ancak sterilizasyon iglemi hakkinda kisitli bilgi saglamaktadir
(Black, 1993).

Biyolojik indikatorler, sterilizasyonla ilgili dogrudan bilgi
saglayarak ~ mikroorganizmalarin  hiicre  biitlinliigliniin
bozulmasindaki etkiyi gostermektedir. Yaygm kullanilan
otoklav etkinliginin gilivencesi standartlar tarafindan belirlenir
ve biyolojik indikatorler ile kanitlanmaktadir. Sterilizasyon
sonrasi, sterilite gilivence diizeyine (SAL) ulasildiginin
ispatlanmasi igin standartta yaygmn olarak 10° yiikiinde spor
iceren biyolojik indikatdrler kullanilir. Biyolojik indikatdrler
steril edilecek cihazda; kapak, koseler ve vakum drenaj ¢ikiglar
gibi sterilizasyon isleminin en zor gerceklestigi bolgelere
yerlestirilir. Sterilizasyon igleminde kontamine olmus malzeme
yikanarak paketlenir, sterilizatore ve yerlestirilir sterilizasyon
islemi sonunda tekrar kullanilmak iizere depolama alanina
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kaldirilir (Rutala ve Weber, 2013).

Kisa zamanda tamamlanan, ameliyathanede kullanilan acil
sterilizasyon igin “flash sterilizasyon” terimi kullanilir. Bu
teknikte aktif sporlarla iligkili a-glukozidaz enzim aktivitesi
6l¢iilmektedir. Enzim tespitiyle sonug alinan biyoindikatorlerin
ihtiyaci i¢in bu teknik dnemli olmustur. Enzim canli sporlarda
tespit edilebilen normal bir bilesendir. Sterilizasyon sonrasi
canl1 bir spor kalmasi halinde sterilizasyon basarisizlig1 ortamin
bulanikligiyla belirlenir (Vesley ve ark., 1992; Albert ve ark.,
1998).

Belli sterilizasyon islemine diren¢ saglayan bakteri
sporlarindan olusan biyolojik indikatorler, sterilizasyon
esnasindaki islemde biyolojik 6liimiin gergeklestigini kanitlar.
Biyolojik indikatorler, ilgili sterilizasyon ydntemine gdre en
dayanikli bakteri sporlart segilerek iiretilmektedir. Geleneksel
olarak biyoindikatorler Bacillus veya Geobacillus i¢eren bakteri
sporlaridir.  Bakteriyel sporlar, izleme ve dogrulama
dongiilerinde vejetatif hiicrelere kiyasla cevre stresine karsi
dayanikli oldugu icin kullanimi yaygindir. Biyolojik gdstergeler
bir sterilizatoriin rutin parametlerinin izlenmesi ve yiik takibi
icin de kullanilmaktadir ve bir sterilizasyon dongiisii sirasindaki
kosullarin tanimlanmig olan mikrobiyal inaktivasyon seviyesine
ulagmak i¢in yeterli olup olmadigini kanitlamaktadir (Sigwarth
ve Moirandat, 2000). Bu géstergeler, biiyiime ortami ve sporlari
tek bir sisede birlestirerek kontrol saglar. Sterilizasyon sonrasi
spor igeren seritler besiyerine aktarilarak ya da ayni tiip i¢indeki
besiyeri kirilmasiyla bir araya getirilerek sporun cesidine ve
tiremesine uygun sicaklikta inkibatore yerlestirilmektedir.
Boylece sterilizasyon isleminin ardindan sporlarin biiylime
ortami ile karigmasi saglanir ve spor biiyiimesine uygun
sicaklikta inkiibe edilir. Biiylime ortami, test organizmasimin
canliligini etkileyebilecek herhangi bir sterilize edici ajan
kalintisin1 nétralize edebildiginden emin olmak igin valide
edilmelidir. Belirtilen kiiltiir kosullarin1 saglayacak sicakliga
ayarlanan bdylece sicakligin rutin olarak izlenmesi igin
inkiibator kullanilmaktadir. Belirtilen siirede inkiibasyon
sonrasinda iireme olmaz ise biyolojik Oliimiin gergeklestigi
dogrulanmaktadir. Sterilizasyon yapilacak malzemede bulunan
mikroorganizmalar, sporlardan daha diisiik direncte oldugu igin
sterilizasyon gerceklestirilmis olur. Canli mikroorganizmanin
kullanimi bu sebepten yaygmdir. Geobacillus stearother-
mophilus sporlar1 en yiiksek sicakliklara direng gosterdigi i¢in
sterilizasyon kontroliinde yaygm olarak kullanilmaktadir
(Shintani, 2011).

Buhar sterilizasyonunda yiiksek direnci ve tutarli
inaktivasyon etkinligi ile G. stearothermophilus tercih
edilmekte iken Bacillus pumilus sporlart diger Bacillus
tirlerinden radyasyona daha direngli olmasi sebebiyle
mikroorganizmalarin radyasyon direncini tespitte tutarli yanitlar
almak ve doz oranini (kGy/zaman) ayarlamak i¢in biyoindikator
olarak kullanilmaktadir (Wallace, 2016; Hansen ve ark., 2020).

Biyolojik indikatdrlerin; sterilizatdriin tamir gerektiren bir
arizasindan sonra, viicuda implante edilecek malzemelerin her

¢evriminde, paket malzemelerinin boyutu degistiginde
kullanilmast  zorunludur. Biyolojik indikatorlerin  diislik
sicakliktaki sterilizasyonlarda her ¢evrimde kullanilmasi

gerekmektedir. Kuru sicaklik ve buharli yontemlerde ise invazif
olma durumuna gore degerlendirilerek en az haftada bir kez
kullanilmalidir (Wallace, 2016).
Sterilizasyon  islem  kosullarina
mikroorganizma iceren biyoindikatorler, kalitatif test
sistemleridir. ~ Biyoindikatorler, sterilizasyon isleminde
belirlenmis kosullarin saglanip saglanmadigiyla ilgili bilgi

dayanikli  canli
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vermektedir. Biyolojik gostergeler, sterilizasyon dongiisiine
olduk¢a dayanikli bakteri sporlari segilerek isglevini
gergeklestirmektedir (Pflug ve Odlaug, 1986). Bu biyolojik
gostergeler, sporlart ¢ogaltarak ve biiyiime ortamindaki asit
metabolitlerinin tretimini 6l¢gmek i¢in bir pH gdstergesine
dayanir. Spor emdirilmig kagit seritler, kendinden besiyerli
kapali sistemler ve enzim bazli biyolojik indikatdrler olarak 3
cesit biyolojik indikator tiretilmektedir. Biyolojik indikatorlerin
ilk cesidi, zarflarin iginde agilanmus kagit seritler seklindedir.
Bunlar sterilizasyon isleminden sonra steril kiiltiir ortamima
aktarilir ve 7 giin silireyle inkiibe edilir. Bu yontemle,
sterilizasyon basarisizligi bilylime ortaminin bulanikligiyla
gbzlemlenmektedir (Shintani, 2011). ikinci gesit biyolojik
indikatorler, kullamima hazir bir pakette geri kazanim igin
gerekli spor seridi ve bilylime ortamimi igeren bagimsiz
sistemlerdir. Sporlar1 ¢ogaltarak ve hiicreleri kopyalayarak
bliylime ortamindaki asit metabolitlerinin {iretimini 06lgen
biyolojik gostergeler, pH Olclimiine dayanir. Bu sistemle
birlikte, birinci olarak agiklanan kagit seritlere kiyasla
kontaminasyon sorunu ortadan kaldirilir. Ancak hayatta kalan
sporlarin tespiti icin 24-168 saat okuma siiresi gerekmektedir.
Spor iceren kagit serit biyoindikatorler, sterilizasyon isleminden
sonra yaygin olarak 7 giin siireyle inkiibe edilir. Yeni bir
sterilizasyon yontemi igin 7 gilinliik bir referans inkiibasyon
stiresini  desteklemek i¢in yeterli veri bulunmadiginda,
dogrulamanin dayandirilacagi referans inkiibasyon siiresi olarak
en az 14 giin kullanilmaktadir (1ISO 14161, 2009; ISO 11140-1,
2014; 1SO 13485, 2016; 1SO 11138-1, 2017).

Kendinden besiyeri igeren kapali sistemlerde hayatta kalan
sporlarin tespiti icin 24-168 saat okuma siiresi gereklidir. Ureme
tespit sistemine gore ¢ok farkli zamanlarda sonug verebilen
biyoindikatorler, yaygin olarak 1-48 saatte sonug verir bununla
birlikte referans inkiibasyon siiresi degismektedir. Enzim
aktivitesi sayesinde daha kisa inkiibasyon siireleriyle tespit
edilebilen biyolojik kalinti, enzim tabanli algilama sistemleri
sayesinde tespit edilerek bu siire kisaltilmistir. Kiiltiir yontemi
ile en az 24 saatte sonug alinirken, enzim aktivitesi ile bu siire 1-
4 saatte yapilabilmektedir. Giiniimiizde en az 1 saatte sonug
alman biyoindikatorler tretilmisken, bunlar 4 saatte sonug
alinan indikatorlere gore oldukga pahalidir (Albert ve ark., 1998;
Rutala ve ark., 2001).

Biyolojik  indikatorlerin  sonuglar;  tiirbidimetrik,
florimetrik ve spektrofotometrik olmak iizere 3 farkli yontemle
Olciilebilir. Tirbidimetrik yontemde gozle tespit yapilir negatif
sonucu garantilemek igin inkiibasyon siiresi en az 2 saattir.
Spektrofotometrik yontemde renk degistiren besiyerinin
otomatik okumasi saglanmaktadir. Florimetrik yontemde ise
floresan vermeyen maddeyi floresan verir hale getirdigi igin o-

glukozidaz ~ veya  a-galaktozidaz  aktivitesi  okumay1
saglamaktadir. Bu yontem, floresans veren substratlarin
kullanildig1 ve floresansin otomatik okuyucu tarafindan

okundugu yontemdir. Biyolojik indikatorlerde sonug almak icin
uzun inkiibasyon zamani gerekmektedir. Bu problem, 1 saat gibi
kisa siirede floresan vermeyen bir maddeyi floresan verir hale
getiren spor enzimlerinden a-glikozidaz ile ¢oziilmiistiir. Kisa
stirede sonucun elde edilmesi, sterilizasyonun denetlenmesinde
biyolojik indikatorlerin kullanimimi yayginlastirmistir (Gillis ve
ark., 2010; Dlugokenski ve ark., 2011).

COVID-19 salgim1 ile kisisel koruyucu ekipmanlarin
kullantmi  artmistir  (Genc, 2020). N95 tipi maskelerin
kullantminin artmasi kisisel koruyucu ekipmani kitligma yol
acmistir. Bu maskelerin tek kullanimlik olmasi amaglanmigtir
ancak sterilizasyon yapilarak tekrar kullanilmasi eksiklikleri
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azaltmada yararli olacaktir. Hidrojen peroksit sterilizasyon
yontemi kullamlarak, 1.0x10® yiikli G. stearothermophilus
biyoindikatorii ile sterilizasyon dogrulanmaktadir. G.
stearothermophilus sporlari, SARS-CoV-2 gibi zarfli viriislere
gore sterilizasyona oOnemli Ol¢lide daha direnglidir. Viral
canliligin dogrudan Ol¢iimii yerine biyoindikatér kullanimi
verilerin yorumlanmasinda 6nemli bir 6rnek teskil etmektedir
(Rutala ve ark., 2001; Cabbari ve ark., 2012).

Bu ¢aligmada materyal olarak G. stearothermophilus ve
Escherichia coli kullanilmistir. Sterilizasyon igin yaygin olarak
kullanilan test organizmasi, G. stearothermophilus’tur. G.
stearothermophilus sporlar1 buharla, formaldehit ve hidrojen
peroksit gibi sterilizasyon metotlarinda yiiksek direnci ve tutarl
inaktivasyon kinetigi nedeniyle yaygin olarak kullanilmaktadir.
Sicaklik, pH, besin ve iyon igerigi gibi sporlanmay1 tetikleyen
cevresel kosullar, olusan sporlarin gesitli  &zelliklerini
etkilemektedir. Sicaklik etkili sterilizasyon yontemlerinde
sporulasyon sirasinda G. stearothermophilus sterilizasyon di-
renci lizerinde en biiyiik etkiye sahip olan degisken baslangi¢
pH’1dir. Diisiik besin konsantrasyonu ve 8.5 civarinda alkali pH
uygun kabul edilir. Caligmada kullanilan E. coli ve G.
stearothermophilus bakterileri ATCC kiiltiir koleksiyonundan
elde edilmistir. G. stearothermophilus, yiiksek sicakliga
dayanikli olmasi ve hatalar1 erken sonu¢ olarak vermesi
sebebiyle tercih edilmistir. E. coli, Enterobacteriaceae
familyasindan olup gram negatif, gogunlukla hareketli, fakiiltatif
anaerob, sporsuz, cubuk seklinde bir bakteri tiiriidiir. Genellikle
insan ve hayvan bagirsaklarinda oldugu igin hastanede iiriner
sistem iglemlerinde bulagsmaya neden olabilir. E. coli glukoz
besin maddesinden asit ve gaz yaparak, ekildigi besiyerlerinde
kolayca renk degisimi olusturmaktadir. E. coli, vejetatif tiremesi
sebebiyle diisiik sicaklik sterilizasyonlari i¢in tercih edilmistir
(Shintani, 1996; Soylu, 2005; Royalty-Hann, 2007; Guizelini ve
ark., 2012; Thill ve Spaltenstein, 2020).

Biyoindikatorlerin  kullanimi1 yaygin ve kalite yoOnetim
sistemlerinde ¢ogu zaman zorunlu kilinmasina karsilik,
sonuglanma siiresinin 24 saat oldugu, bu siire igerisinde olumsuz
bir sonucun biiyikk etkisi oldugu gozlemlenmektedir.
Sterilizasyon igleminde kullanilan biyoindikatorler etiivlerde
bekletilerek cevap alinmasi hedeflenmektedir. Bu da
mikroorganizmanin iireme siiresine gore 18-24 saatlik bir siireyi
kapsamaktadir. Bu siire¢ igerisinde uygun olmayan bir
sterilizasyon isglemine ait drlinler dolasima ¢ikarsa,
mikrobiyolojik kalite ve halk sagligi iizerine dogrudan etkili
olmaktadir. Yanlis paketleme, gaz konsantrasyon yetersizligi,
sterilizasyon zaman ve sicaklik yetersizligi, ylikleme hatalari,
nem, buhar, basing parametrelerinde uygunsuzluk gibi etkenler
biyolojik indikatdrlerin  sonucunun pozitif olmasi halinde
degerlendirilmektedir (ISO 14161, 2009; 1SO 11140-1, 2014;
I1SO 13485, 2016; 1SO 11138-1, 2017).

Sterilizasyon kontroliinde kullanilan biyolojik indikatorler
uzun inkiibasyon siireleri nedeniyle dezavantajli olmaktadir.
Geleneksel biyoindikatorler 24 saat igerisinde sonug verirken,
bu caligmada dizayn edilen sistem ile 4 saat icerisinde sonug
almmaktadir. Bu g¢alismada almman 4 saatteki sonugcla,
sterilizasyonu basarisiz olmus malzemenin hastane igerisindeki
kullanimi engellenmistir. Optik okuma ile okuma hatalar1
ortadan kaldirilarak, kisisel hatalar ortadan kaldirilmistir.

2. Gereg ve yontemler

Bu c¢alismada, sporlu mikroorganizma olarak G.
steorothermophilus ve vejetatif formda bulunan mikroorga-
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nizma olarak E. coli kullanilmistir. Farkli seker katkilari ile
kullanilan iki bakteri, ¢iftli kontrol yapabilmek i¢in se¢ilmistir.
Hazirlanan biyoindikatdrler Ardunio Uno ve TCS3200 sensor
ile test edilmistir. Calismada Brain Heart Infusion Broth
igerisine belirli oranlarda nisasta veya glukoz besin maddeleri,
fenol kirmizisi veya brom krezol moru renk indikatérleri
eklenmistir. G. steorothermophilus ve E. coli tiremesinin renk
degisimi optik olarak degerlendirilmigtir. Hazirlanan Tryptic
Soy Broth 125 mL 6l¢iilerinde dorde ayrilmistir. Birinci behere
1,2 g nisasta ve 0,16 g fenol kirmizisi, ikincisine 1,2 g glukoz ve
0,16 g fenol kirmizisi, tigiinciisiine 1,2 g nigasta ve 0,16 g brom
krezol moru, dordiinciisiine 1,2 g glukoz ve 0,16 g brom krezol
moru eklenerek manyetik karistiricida homojenize edilmistir.
Eklenecek bakteri giicii saptanirken seri diliisyonlar 10 ve
giicleri halinde azaltilarak hesap yapilmistir. 108, 107, 109, 105,
104 103, 10%? ve 10! giiglerinde ayarlanan indikatorlerin
seyreltme islemi Sekil 1’de gosterilmistir. ISO 13485’e gore
farkli enerji kaynaklar1 ve renk indikatdrleri igin disiik, orta,
yiiksek seviyelerde bulastirma gerceklestirilmistir.

1 log sulandirma

1mL 1mL 21mL 1mL 1mL 1mL

OCNONCONCN

11

1mL 1mL

'Y YA T

i;i |!| |!|

Stok

9 mL

Sekil 1. Diliisyon semasi.

Renk degisimi Sekil 2°deki gibi tasarlanan kutunun iginde
dl¢iilmiistiir. Ug boyutlu yazicidan yazdirilan kutu 70x70x70 cm
boyutlarindadir. Igerisine renk tespitini gerceklestirecek 6,6x6,6
cm boyutlarindaki TCS3200 renk sensorii sabitlenmistir. Kapak
boyu 7,5x7,5 cm ve Eppendorf tiip girisi 1,2 cm olacak sekilde
tasarlanmugtir.

Sekil 2. Renk sensorii ve Eppendorf tiipiin yerlestirildigi kutu.

Arduino Uno, USB kablosuyla bilgisayara baglanarak 5V
calisma gerilimiyle renk sensoriine gii¢ saglamaktadir. Arduino
Uno’da 14 adet dijital giris/cikis pini bulunur, bunlardan 6’s1
PWM cikist olarak kullanilabilir. Arduinodaki pinler bilgisayara
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baglanarak kodlanmigtir (Arduino Tirkiye, 2021). Renk
sensorlerinde yaygin olarak kullanilan RGB (red, green, blue)
renk uzayidir. GOrme islemi ortamdaki 151k sayesinde
gerceklesir. Renk sensoriiniin 15181 algilamasiyla, gdorme
olaymm gergeklesme prensibi benzemektedir. TCS3200 renk
sensoriinde bulunan 4 adet beyaz LED cisme 151k gonderir, bu
1s1iklar cisme carparak geri yansir ve sensor yansiyan isinlari
degerlendirerek renk cesitlerini belirlemektedir. Fotodiyot ve
akim frekans doniistiiriicii iceren renk sensorii olusturdugu
verileri bilgisayara uygun kodlarla aktarmaktadir. Bir adet ¢ikis
ve dort adet girig pini bulunmaktadir. Gelen 1518 siddetiyle
dogru orantili kare dalga iiretilir ve bu kare dalgay1 kullanarak
veri almaktadir. Sensor, fotodiyotlarin {izerindeki filtreler
sayesinde renkleri ayirt etmektedir. Sensérde tizerindeki 8x8
fotodiyotlarin 16’s1 mavi, 16’s1 yesil, 16’s1 kirmizi filtresidir ve
geriye kalan 16 fotodiyotta ise filtre bulunmamaktadir. Renk
bilgisini kontrol etmek i¢in fotodiyotlarin S2 ve S3 pinleri
kullanilmigtir. RGB renk uzayinda veriler 0 ile 255 araliginda
ifade edilmektedir. Ornegin  255-0-0 kirmizi  rengi
gostermektedir (Robotistan, 2021). Renk sensoriinden elde
edilecek sonu¢ icin Arduino IDE uygulamasinda kodlar
yazilmigtir. Calismada iretilen biyoindikatorler Eppendorf
tiiplere aktarildiktan sonra 37 °C ve 55 °C etiive yerlestirildi. 2
saatte bir etlivden ¢ikarilarak kutuya yerlestirildi ve okuma
sonucu bilgisayar ekranindan alind.

ISO 13485 standardina uygun olacak sekilde diisiik, orta ve
yiliksek seviyede bulagtirma yapilarak cihazin validasyonu
gerceklestirilmistir.  Oncelikle renk indikatdrleri cihaza
tanitilarak sar1 ve kirmizi renk degisimlerinin taninmasi
saglanmistir. 10 adet mor ve 10 adet kirmizi renk tiip pozitif
kontrol olarak kullanilmistir. 10 adet sar1 renk negatif kontrol
olarak tanimlandiktan sonra okutma islemi gergeklestirilmistir.
Bakteri inokulasyon seviyesine gore 2 saatte bir degigsim kontrol
edilerek Ol¢limler kayit altina alinmigtir. Bir 6rnek 3 kere
okutulmus ve hepsinde ayn1 sonug alinmistir.

3. Bulgular

Biyoindikatorlerin sterilizasyon basarisimi hizli sekilde
O6lgmeye yonelik bir sistem dizayn edilmistir. G.
stearothermophilus ve E. coli i¢in glukoz veya nigasta eklenen
indikatorlerden alinan sonuglar karsilagtirilmistir.  Aym
zamanda fenol kirmizis1 ve brom krezol moru sonuglar1 da renk
indiktorii veriminde kiyaslanmistir. Ekimlerden sonra 2, 4, 6, 8.
saatlerde olciim yapilmistir. Olgiim sonuglar1 Tablo 1’de
gbsterilmistir. Ureme grafigi ise Sekil 3 teki gibidir.

Tablo 1
Besiyeri gesitlerinde bakterilerin saatlik iireme sayilari (log10 kob/mL).
Besiyeri Besiyeri 1 Besiyeri Besiyeri 2
Kontrol
. 1 + G. stearother- 2 + G. stearother-
Saatleri . . . .
+ E. coli mophilus + E. coli mophilus
2 2,869232 3,908485 2,491362 3,982271233
4 3,748188 5,78533 3,380211 4,653212514
6 5,819544 6,041393 5,875061 6,322219295
8 6,838849 8,662757832 6,892095 7,838849091

Biyoindikatorde kullanilacak renk indikatdr se¢imi igin
yapilan ¢alismada kullanilan PR ve BCP arasindan hizli sonug
alan renk indikatorii se¢ilmistir. Alinan sonuglar Tablo 2°de
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Yapilan 4 besiyerinin iireme egrisi (log kob/ml)

10
20
5 2 4 6 8
Y )
© Saatler
=
5
5

Besiyeri 1 + E.coli
Besiyeri 1 + G.stearothermophilus
Besiyeri 2 + E.coli

Besiyeri 2 + G.stearothermophilus

Sekil 3. Ureme egrisi.
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gosterilmigtir. PR daha hizli ve etkili oldugu i¢in segildikten
sonra biyoindikator liretimine baglanmigtir. Bu {iretim sonucun
da ise tasarlanan deney diizeneginde biyoindikatorler optik
donanima okutulmustur. G. stearothermophilus igin 4. saat
itibariyle glukoz enerji kaynagi pozitif sonug vermistir. Buna ait
ayrimtili bilgiler Tablo 3’te gosterilmistir. 4. saat i¢in G.
stearothermophilus igeren ve 108, 107 degerinde ekim yapilan
indikatorlerde ~ renk  degisimi = goézlemlenmistir. G.
stearothermophilus kullanilan nisasta icerikli biyoindikator ile
4. saat itibariyle pozitif sonu¢ alinmistir. Tablo 4’te saatlik
degisimler gosterilmistir. E. coli ve glukoz igerikli biyoindikat6r
4. saatten sonra pozitif sonu¢ vermistir ve Tablo 5°te
goriilmektedir. E. coli kullanilan nisasta icerikli biyoindikator
ile 4. saat itibariyle pozitif sonu¢ alinmistir. Buna ait saatlik
veriler Tablo 6°da gosterilmistir.

Tablo 2
Bakteri cinsi ve enerji kaynagina gore tespit siireleri sonug dzeti.
Bakteri Indikator Enerji Kaynagi 2.saat 4.saat 6.saat 8.saat 24.saat
i - + + + +
PR Nisasta
E. coli Glukoz - + + + +
’ BCP Nisasta - + + + +
Glukoz - 4 + 4 +
PR Nisasta = + + + +
G. stearother- Glukoz - + + + +
mophilus Nisasta - - - - A
BCP Glukoz - - - - +
PR: Fenol kirmizisi, BCP: Brom krezol moru
Tablo 3
Bakteri cinsi ve enerji kaynagina gore tespit siireleri sonug dzeti.
. .. . Optik donanim okuma sonuglari
Saat Bakteri ad1 Enerji kaynagi - -
R G B Degerlendirme
0. saat 38 31 32 Negatif
2. saat 2o 38 31 33 Negatif
4. saat B = 30 26 35 Pozitif
luk -
6. saat g8 Glukoz 29 29 38 Pozitif
8. saat o = 29 31 40 Pozitif
24. saat 29 31 40 Pozitif
R: kirmizi, G: yesil, B: mavi
Tablo 4
Bakteri cinsi ve enerji kaynagina gore tespit siireleri sonug dzeti.
. . . Optik donanim okuma sonuglari
Saat Bakteri adi Enerji kaynag: - -
R G B Degerlendirme
0. saat 38 30 33 Negatif
2. saat 2o 38 31 33 Negatif
4. saat g = Nisast 32 27 38 Pozitif
6. saat g5 yasta 31 41 41 Pozitif
8. saat o = 29 31 40 Pozitif
24. saat 30 24 32 Pozitif
R: kirmizi, G: yesil, B: mavi
Tablo 5
Baketeri cinsi ve enerji kaynagina gore tespit siireleri sonug 6zeti.
) . . Optik donanim okuma sonuglari
Saat Bakteri ad1 Enerji kaynag: - -
R G B Degerlendirme
0. saat 38 31 32 Negatif
2. saat 38 31 33 Negatif
4. saat § Glukoz 30 26 35 Pozitif
6. saat i 29 29 38 Pozitif
8. saat 29 31 40 Pozitif
24. saat 29 31 40 Pozitif

R: kirmizi, G: yesil, B: mavi
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Optik donanim okuma sonuglari

Tablo 6

Bakteri cinsi ve enerji kaynagina gore tespit siireleri sonug dzeti.
Saat Bakteri adi Enerji kaynag: R
0. saat 40
2. saat 38
4, saat 5 . 33
6. saat : Nisasta 29
8. saat 29
24. saat 30

G B Degerlendirme
30 28 Negatif
31 33 Negatif
27 39 Pozitif
29 38 Pozitif
31 40 Pozitif
28 36 Pozitif

R: kirmizi, G: yesil, B: mavi
4. Tartisma

Bu ¢alismada E. coli, ISO 11138 igerisindeki indikator
mikroorganizmalardan vejetatif grup icin; G.
stearothermophilus, sporlu grup igin tercih edilmistir. E. coli
100 °C fiizerinde canliligmi kaybeden bir mikroorganizma
oldugu igin diisiik sicakliklarda gerceklesen sterilizasyonun
etkisini arastirmada, G. stearothermophilus ise 121 °C ve
tizerindeki sicakliklarda canliligii kaybeden sporlu bir
mikroorganizma olmas1 sayesinde yiiksek sicakliklardaki
sterilizasyonun etkisini test etmek iizere secilmistir. Caligmanin
amaci, geleneksel sistemlerde inkiibasyon siiresi 24 saat iken
tarafimizdan segilen bakterilerle ve farkli enerji kaynaklari ile
bu siireyi kisaltmaktir. Renk degisimi gozle oSlciilemeyecek
seviyede olmasi halinde optik donanim ile tespit edilerek insan
hatas1 ortadan kaldirilmaya c¢alisilmistir. Otoklav islemi bir
basarisizlik ile sonuglanmasi halinde hizli bigimde tedbir
alimarak kullanimda sterilite saglanmaktadir.

Calismada kullanilan G. stearothermophilus ve E. coli
mikroorganizmalari, ekimlerinden sonra 2, 4, 6, 8. saatlerinde
alman Slglimler ile degerlendirilmistir. Bir bagka arastirmada E.
coli’nin bircok karbon kaynagindan enerji elde edebildigi
kaydedilmistir ve bu sebeple ¢alismamizda iki farkli seker
kaynag1 kullamlmistir. iki seker kaynagi katabolik hiicresel
hizin aktivitesiyle ilgili olarak farkli zamanlarda sonug vermistir
(Baev ve ark., 2006). Diisiik miktarda enerji kaynagi olarak
kullanilan sekerlerin yiiksek metabolizma hizi ile tiremeyi tegvik
ettigi gozlemlenmistir (Belaich ve Belaich, 1976). Bu veri
calismamizda eklenen az miktarda glukoz ile hizli sonug
aldigimiz sonuglarimizla uyumlu olmaktadir. Diisiik miktarda
enerji kaynagi olarak kullanilan kullanilan sekerlerin yiiksek
metabolizma hizi ile lremeyi tesvik ettigi gozlemlenmistir
(Belaich ve Belaich, 1976). Bu veri ¢alismamizda eklenen az
miktarda glukoz ile hizli sonug aldigimiz sonuglarimiza uyumlu
olmaktadir.

Okamoto ve ark. (2015), nisastadan bir vinil monomer
itakonik asidin fermentatif tiretimi {izerine ¢esitli ¢aligmalar
yapmustir. Bagka c¢alismada E. coli’nin sekerleri kullanim
metabolizmas1 karsilagtirilarak; glukoz, galaktaz, mannoz,
maltoz ribozdan hemen yararlanirken galaktozda biiylime
gecikmeli olarak baglamistir. Bu ¢alismalar ile glukozdan hizli
sonug elde edildigi bir kez daha gdriilmiistiir (Lendenmann ve
Egli 2020).

Minimal ve zengin glukoz ortaminda E. coli genomunun
hiicre siiregleri diizenleyicilerinin onii agilmistir. E. coli’nin
asetat gibi olusan metabolit streslerden kendini koruyabildigi
bildirilmistir. Buna bagli olarak ¢alismamizda glukoz ortaminda
iireme hizinin yiiksek seviyede olmasi agiklanabilmistir (Tao ve
ark. 1999).

Smerilli ve ark. (2015), G. stearothermophilus ve nigastay1
kullanarak biyorafineri i¢in 6nemli bir kimyasal olan laktik asit
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tiretimini gergeklesmistir. Mtimet ve ark. (2015), bu alanda
irettikleri  sporlar icin, 45°C’de sicakliktakilerin 57°C
sicakliktaki iretilenlere gdére daha dayanikli oldugunu
kaydetmislerdir. Yaygin olarak gida endiistrisinde kullanilan G.
stearothermophilus, besin kaynagi olarak kullandigimiz
nisastay1 laktik asit tiretimiyle gostermistir.

Laskaris ve Chaney (1969), B. stearothermaphilus igin
yaptiklart ¢alismalarda son kullanma tarihinden Once 1s1
direncinde diisiis oldugunu, spor serit preparatlarinda
standardizasyon eksigini kaydetmistir. Geleneksel biyoindikator
tasarimi yapilmis ve 24 saatte cevap alinmistir. Caligmamizda
kullanilan benzer mikroorganizma ile daha kisa siirede cevap
almarak bu siirenin kisalmasiyla halk sagligi icin zaman
kazanilmugtir.

ISO standartlarina gore biyoindikator olarak kullanilabilen
bakteriler arasinda E. coli bulunmaktadir. E. coli birgok
kaynakta test edilmistir. Biyogaz tesislerinde patojen azaltma
kapasitesi Enterococcus faecalis ve Clostridium perfringens,
sirastyla 55 °C ve 70 °C sicakliklarda gosterge organizmalar
olarak kullanilabilirken, 37 °C’de E. coli indikator olarak tercih
edilmigtir (Watcharasukarn ve ark. 2009). Hossain ve ark.
(2015), otoklavlama ve siiper kritik karbon dioksit (SC-CO2)
teknigi ile klinik kat1 atiklarda bulunan E. coli inaktivasyonunu
gerceklestirmigtir. Otoklav sterilizasyonuna tabi tutulan klinik
kat1 atiktaki bakterilerin inaktivasyonu gerceklestirilmistir.
Caligsmada farkli sterilizasyon yontemlerinde farkli bakterilerin
indikator olarak kullanilabildigi gosterilmistir. Mikrodalga
plazmanin sterilizasyon i¢in kullanilmasi yeni bir yéntem olup,
E. coli bu yontemin sterilizasyon etkilerini arastirmak icin
kullanilmistir. Bu ¢alismada da geleneksel uygulama diginda E.
coli kullanim1 uygulanilarak ¢aligmamizdaki E. coli se¢imimizi
desteklemistir.

Spektrofotometre, fizik, gida miihendisligi, biyoteknoloji
alanlarinda  numunelerin  temel Ol¢lim  arac1  olarak
kullanilmaktadir. Kim ve ark. (2015), LED ve renk sensoriinii
kullanarak numune konsantrasyonunu ve renk bilgisini veren bir
sistem tasarlamistir. Spektrofotometreyle dalga boyu ve saflik
degerlerini elde ederek ekonomik bir sistem kurmuslardir. Bu
veriler calismamizda elde edilen LED ve sensor uyumlulugu igin
destekleyici olmustur.

Bu calismada Tiirkiye’de otoklav biyoindikatdrii iiretimini
arttirarak ve iretim asamalarini hizlandirarak toplam kaliteye
hizmet etmek hedeflenmistir. Calismamizda yaygin kullanilan
biyoindikatorlere ek olarak sterilizasyon basarisinin tespit siiresi
kisaltilmistir. Bu da seker kaynaklarinin kullanim gesitliligi
sayesinde gergeklestirilmistir. Hassasiyet ile ilgili yaptigimiz
calismada, piyasada mevcut iriinlerde 8 logl0 kob/mL
mikroorganizma mevcutken, yaptigimiz seker destegine bagl
olarak 4. saat itibariyle 5 logl0 kob/mL seviyesinde renk
degisimi gdzlemlenmistir. Boylelikle az mikroorganizma
kullanarak hizli bir sekilde hassasiyet gdzlemlenmektedir.
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5. Sonug¢

Piyasada yaygin olarak kullanilan biyoindikatdrlerin
sterilizasyon isleminin basarisiz olmasit durumunda 24 saatte
sonu¢ veriyor olmasi, kontamine tibbi cihaz parcasi veya
malzemelerin  kullanimi  halinde enfeksiyon ve bulasla
sonuglanabilmektedir. Bu ¢alismada, E. coli ve G.
stearothermophilus bakterileri ile farkli seker katkisi eklenen
brothlardan otoklav biyoindikadtorleri elde edilmistir. Hizli ve
hatasiz cevap almak i¢in Ardunio Uno ve TCS3200 sensor ile ile
tasarim tamamlanmistir. Caligmanin sonuglarina gore, her iki
bakterinin ve her iki seker katkisinin yeterli oldugu
belirlenmistir. Fenol kirmizisi renk indikatoriiniin ise brom
krezol moru renk indikatdriine gore hizli cevap verdigi
goriilmiistiir. Her iki bakterinin halk sagligi i¢in kullanima
uygun oldugu kaydedilmistir. Bu ¢aligma ile bir otoklav
isleminde kullanilan biyolojik indikatdriin en kisa 4 saat sonra
sterilite uygunlugunun belirlenebilecegi tespit edilmistir. Bu
calismadan elde edilen veriler ile yerli biyoindikator iiretimine
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Sentetik tohum
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Oz

Sentetik tohum, besin maddesi ve koruyucu bilesikler iceren 6zel maddelerle kaplanmig somatik embriyolardir. Sentetik tohum
tiretimi, canli tohum {iretemeyen bitkiler i¢in elveriglidir. Sentetik tohumdan bitki elde edilmesi, ilk kez doku kiiltiiriinden elde
edilen somatik embriyodan suyun uzaklastirilmasi yoluyla yapilmigtir. Somatik embriyo kaplanmasinda sodyum alginat veya
alginik asit matriksleri ¢ok yaygin olarak kullanilmaktadir. Bitki ¢ogaltiminin kolay olmasi, uzun siire saklanabilmesi, nesli
tikenmekte olan bitkilerin neslinin devam ettirilmesi ve iiretimlerinin diisiik maliyetle yapilabilmesi gibi bir¢cok avantaj sentetik
tohumun bitkilerin geligimi i¢in dnemli 6l¢iide kullanilabilirligini gdstermektedir. Sentetik tohum teknolojisi tohumla g¢ogaltim
imkani bulunmayan bitkilerin iiretiminde de kullanilabilecek ¢ok 6nemli bir tekniktir. Bu derleme makale, sentetik tohum
konusundaki ortaya koyulmus bilgileri ve yapilmis ¢aligmalar1 bir araya getirmek amaciyla yazilmistir.

Anahtar kelimeler: Bitki rejenerasyonu; in vitro kiiltiir,; sentetik tohum, somatik embriyo

Synthetic seed
Abstract

Synthetic seeds are somatic embryos coated with special substances containing preservative compounds. Synthetic seed
production has been useful for plants that cannot produce viable seeds. Plant formation from synthetic seed was first made by
removing water from the somatic embryo obtained from tissue culture. Sodium alginate or alginic acid matrices are commonly used
for somatic embryo coating. Many advantages such as easy plant propagation, long-term storage, perpetuation of endangered plants
and low cost production show the significant usability of synthetic seed for the development of plants. Synthetic seed technology is
a very important technique that can be used in the production of plants that cannot be reproduced by seed. This review article was
written to bring together the information and studies on synthetic seed.

Keywords: In vitro culture; plant regeneration; somatic embryo; synthetic seed

1. Giris derece kullanigh bir teknik olan bu ydntem, lireme organlari
disinda tohum benzeri yapilarin elde edilmesi ile tohumla

Sentetik tohum, besin maddesi ve koruyucu bilesikler iiretime benzer o6zellik gostermektedir. Sentetik tohum
iceren 6zel maddelerle kaplanmis somatik embriyolardir (Kurt, iiretiminde somatik embriyolarin kaplanmasinda diisiik
2015). Ozellikle tohumla iiretimin sinirh oldugu bitkiler igin son ~ maliyeti, diisiik toksisitesi ve jel stabilitesi nedeniyle sodyum
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alginat yaygin olarak kullanilmaktadir (Ghosh ve Haque, 2019).
Sodyum alginat ¢o6zeltisindeki Na* ile kalsiyum kloriir
¢ozeltisindeki Cap" arasindaki bir iyon degisim reaksiyonu
¢oziinmeyen bir kalsiyum alginat tabakasi olusturur (Daud ve
ark., 2008). Bu sayede somatik embriyo hem onemli &lglide
korunmakta, hem de tohum c¢imlenme asamasinda somatik
embriyoya besin temini saglanmaktadir. Bu teknik; temel olarak
nesli tiikenmekte olan tiirlerin, tibbi ve ticari bitkilerin
korunmast ve g¢ogaltilmast i¢in Onerilmektedir (Jang ve ark.,
2020). Sentetik tohum tiretim teknolojisi, mevcut in vitro kiiltiir
sistemlerine kiyasla eksplantlarin hayatta kalma oranini énemli
olgiide arttirmakta ve ucuz ve pratik bir doku kiiltiiri iiretim
teknigi imkan1 sunmaktadir (Singh ve ark., 2006; Kumar ve
Thomas, 2012). Sentetik tohumu olusturan biyolojik olarak
pargalanabilir matris, eksplantlar1 fiziksel hasarlardan ve dis
cevre faktorlerinden etkili bir sekilde korur. Ayrica erken
biiyiime i¢in gerekli besinleri de igerdigi i¢in somatik embriyo
icin bir endosperm gorevi gormektedir (Jang ve ark., 2020). Bu
derleme makalesinde sentetik tohum olusumunda embriyo
gelisimini saglayan somatik embriyogenez yontemi, sentetik
tohum ve olusumu ve bu teknolojideki bazi avantaj ve
dezavantajlara deginilmistir.

2. Bitki doku kiiltiirii ve somatik embriyogenez

Steril sartlar altinda ve yapay bir besi ortaminda bitki,
doku, hiicre veya organ gibi bitki kisimlarinin kullanilarak yeni
bir doku, bitki, organ veya iriinlerin {iretilmesi olayina bitki
doku kiiltiirti denilmektedir (Sokmen ve Gurel, 2001; Uysal ve
ark., 2007). Ik doku kiiltiiri calismast 1902 yilinda
gerceklestirilmis olup sonraki yillarda da doku kiiltiiriinde ¢esitli
basarilar saglanmistir. Ayrica 1990 yilinda sentetik tohum
gelistirilmesiyle birlikte germplazm korunmasi g¢alismalarina
baslanmuistir. Son olarak 1995 yilinda ise ilk rekombinant insan
gidast olusturulmus ve glinimizde de doku kiiltiirlinde
¢aligmalar basarili bir sekilde yiriitiilmektedir (Kurt, 2015).
Bitki biyoteknolojisinin 6nemli bir alani olup steril kosullar
altinda ve gelistirilmis besi ortamlarinda kiiltiire alinarak
dokulardan, hiicrelerden veya tek bir hiicreden in vitro
kosullarda tam bir bitki olusturulabilir (Oktem ve Yucel, 2012).
Bitki doku kiiltiiriine “Mikro iiretim” veya “Aseptik kiiltlir” de
denilmektedir (Gonulsen, 1987).

Farklilagmamis  bitki  hiicreleri, uygun  kosullar
saglanmasiyla steril ortamlarda kiiltiire alindiginda yeni
bitki/bitkicikler olusturabilmektedirler (Mohammed ve ark.,
2021). Steril kosullar altinda bitki olusumunu saglayan bu
materyallerin sahip olduklar1 yapisal fonksiyona “totipotensi”
denilmektedir. Aslinda totipotensinin, bitkisel hiicre ve
dokularin farklilasarak yeni bitki meydana getirebilme yetenegi
oldugu soylenebilir (Kurt, 2015). Bitki doku kiiltiiri
uygulamalari, bitkilerin hizli bir sekilde klon olarak
¢ogaltilabilmesi, klasik metotlarla ¢ogaltimin kolay olmadig:
bitkilerde ¢ogaltimin saglanabilmesi, hastalik olusturabilecek
cesitli faktorlerden arindirilmig bitkilerin elde edilmesi, bitki
islahinin  etkinligini arttiracak ve siiresini kisaltacak ¢esitli
caligmalarin  gergeklestirilmesi, somaklonal varyasyonlarin
meydana getirilmesi, haploid yapida bitkilerin tiretimi, bitki gen
kaynaklarmin muhafaza edilmesi ve sekonder metabolitler gibi
biyokimyasal iriinlerin iretilmesi gibi g¢esitli amagclarla
kullanilmaktadir (Tekin, 2015). Biyoteknolojik c¢aligmalarin
amaci, bitki 1slahinin siirecini kisaltarak islah siirecine daha
genis bir varyasyon olanagi saglamak, bu sayede daha kisa
sirede daha iyi sonuglar elde ederek verimin ve kalitenin
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arttirllmasidir  (Uysal, 2021). Boylece hem biyotik stres
faktorleri etmenlerinden olan bakteri, virlis ve yabanci otlara
karst dayanikli transgenik bitkiler olusturulabilirken hem de
kuraklik ve tuzluluk gibi abiyotik stres faktorlerine kars
dayanikli transgenik bitkiler gen aktarimiyla gelistirilmistir
(Arvas ve Kocacaliskan, 2020) Bitkinin somatik dokularindan
kapalt iletim sistemine sahip bipolar bir embriyonun
iretilmesini saglayan aseksiiel gelisme siireci, somatik
embriyogenez olarak adlandirilir (Ozcan ve ark., 2001; Cardoza,
2008). Somatik embriyogenez, doku kiiltiirii sisteminin en ¢ok
kullanilan rejenerasyon yollarindan birisidir ve bu teknik
somatik hiicrelerin embriyogenik gelisimi gergeklestirebilme
yeteneklerine dayanir (Ipekci, 2002). 1950’lerde bitki doku
kiiltiiriinde kallus yapisindan embriyo ve embriyoya benzeyen
yapilar olugsa bile somatik embriyogenez ilk defa 1958 yilinda
Steward ve arkadaslari tarafindan havugtaki somatik dokulardan
gergeklestirilmigtir.  Giliniimiizde yapay kiiltiir kosulunda ve
ozellikle bitkisel hormonlarin kullanimiyla bir bitki dokusu veya
organinda bulunan somatik hiicreden ya direkt olarak ya da
kallus yapisinin meydana gelmesiyle indirekt olarak embriyo
olusabilmektedir (Babaoglu ve ark., 2001). Somatik doku
hiicreleri ilk olarak yiiksek miktarda oksin (genelde 2,4-D),
naftalin asetik asit, pikloram ve dikamba maddelerinin
bulundugu yapay ortamda kiiltiire alindiktan sonra oksin
hormonunun  bulunmadigr ikinci bir kiltiir ortamina
aktarildiklarinda embriyo iretebilme yetenegine sahip olurlar.
Oksinlerin  somatik bitki hiicrelerine embriyo {iretimi igin
yeniden zigotik bir kapasite kazandirdigi belirtilmektedir
(Monnier, 1990). Yapilan bircok c¢alismada somatik
embriyogenez elde etmek i¢in MS (Murashige ve Skoog) kiiltiir
ortaminin tercih edildigi goriilmektedir (Murashige ve Skoog,
1962; Ipekci ve Gozukirmizi, 2003; Hussein ve ark., 2020;
Mohammed ve ark., 2021).

Yapilan baz1 arastirmalar Ozetlendiginde Mikula ve
arkadaslar1 tarafindan Gentiana cruciata L. ve G. tibetica L. ile
yapilan bir calismada en iyi somatik embriyo olusumunun
gergeklestigi besi ortamlari 1,49 pmol GA3z, 4,64 umol Kinetin
(KIN), 434 umol adenin siilfat hormonlar1 igeren MS besi ortam1
oldugunu bildirilmistir (Mikula ve ark., 2005). Yine Gentiana
cruciata L., Gentiana pannonica L. ve Gentiana tibetica L.
tiirlerinde en yiiksek miktarda somatik embriyo {iretiminin 0,5
mg/l oranlarinda gibberellik asit (GA3) ve naftalen asetik asit
(NAA), 1.0 mg/l oraninda da Kinetin igeren MS besi ortami1
kombinasyonlarinda goriildiigii rapor edilmistir (Mikula ve
Rybczyfiski, 2001). Paulownia elongata Mill. bitkisinin yaprak
ve internod eksplantlarindan somatik embriyo ve sentetik tohum
elde etmek igin yapilan ¢alismada somatik embriyo olusturma
frekansinin en yiiksek 10 mg/1 Thidiazuron (TDZ) hormonu
iceren MS besi ortaminda olustugu belirlenmistir (Ipekci ve
Gozukirmizi, 2003). Yine yonca bitkisinde en yiliksek somatik
embriyo veriminin 2,4-D oksini i¢eren MS besi ortamindan
saglandigi bildirilmigtir (Sule, 2005). Baltact ve Arslan
tarafindan Ogulotu (Melissa officinalis) bitkisinde yapilan
calismada ise somatik embriyo olusumu amaciyla yine MS besi
ortami tercih edilmis ve 0,5 mg/l oraninda KIN igeren besi
ortaminda kalluslarin en iyi oranda somatik embriyo
olusturdugu belirlenmistir (Baltaci ve Arslan, 2019).

Somatik embriyogenez; eksplant kaynagi, genetik yapi,
besi ortamindaki bitkisel hormonlar, azot kaynagi, ¢evre sartlari
ve bitkinin fizyolojik durumu gibi durumlardan etkilenmektir
(Tisserat, 1985; Takamura ve ark., 1995; Schwenkel ve
Winkelmann, 1998; Ozcan ve ark., 2001; Kocak ve ark., 2014).
Somatik embriyo olusumunun genotipe bagli olmasi ve
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olusturulan embriyo yapilarinda diisiik ¢cimlenme orani olmasi
bu yontemin kullanimini kisitlayan etkenlerdendir (Jalali ve
ark., 2012). Ancak bunlara ragmen ayn1 zamanda somatik
embriyogenez; somatik hibridizasyon, partikiil tabancasi ve
Agrobacterium tumefaciens aracilig ile bitkilere gen aktarimi
seklinde 6nemli kullanim alanlarina sahip olmakla birlikte hizli
cogaltim, sentetik tohum {iiretimi ve gen aktariminda oldukca
onemli bir potansiyele sahip olmaktadir (Tisserat, 1985; Ozcan
ve ark., 2001; Ozyigit ve Yucebilgili Kurtoglu, 2020).

Somatik embriyogenez dogrudan (direkt) ve dolayl
(indirekt) olarak iki sekilde gerceklesmektedir. Dogrudan
somatik embriyogenezde embriyolar eksplant yapilarindan
(preembriyojenik hiicreler) meydana gelip ayni yapida klon
olusturulur (Nakamura ve ark., 1992; Calheiros ve ark., 1994;
Ibrahim ve ark., 2013). Olgunlagsmamig zigotik embriyolar
dogrudan somatik embriyogenez gergeklestirmede en c¢ok
kullanilan eksplantlardir (Finer, 1995). Dolayli somatik
embriyogenezde ise eksplantlar yiiksek oranda oksin hormonu
iceren besi ortaminda kiiltlire alindiginda embriyonik kallus ve
bu yapi lizerinde proembriyolar olusur. Daha sonra kallus yapisi
oksin hormonunun bulunmadig: besi ortamina aktarilir ve daha
once olusan  proembriyolardan  bipolar  embriyolarin
olusumunun ardindan eger sartlar elverisliyse bitkicikler
meydana getirilir. Dolayli somatik embriyogenezde genel olarak
oksin hormonu olan 2,4-D kullanilmaktadir (Tisserat, 1985).

Cift ¢enekli (dikotil) yapida olan bitkiler ve koniferler
globular, kalp, torpedo ve kotiledon olmak {izere dort gelisim
evresine sahipken tek genekli (monokotil) bitkiler ise globular,
skutellar, koleoptilar embriyo gelisim evrelerini gegirirler
(Raven ve ark., 1999). Somatik embriyolar dollenmis
yumurtadan olusan embriyodaki gibi globular, kalp, torpedo ve
kotiledon agamalarma sahip olmasina ragmen organogenez ile
olusan siirgiinlerden farkli olarak govde-kok eksenine sahip
olup, esas doku ile vaskiiler baglantilar1 olmadigindan dolay1
dokudan kolaylikla ayrilabilirler (De Jong ve ark., 1993). 1lk
olarak somatik embriyogenez yontemiyle bir tiir i¢cin embriyo
olusturulmas ve bitkiye doniligebilme potansiyeli aragtirildiktan
sonra elde edilen embriyo miktarimi artirabilecek bir kiiltiir
yontemi gelistirilir (Redenbaugh, 1990). Burada en ¢ok
kullanilan yontem kontrollii kosullar 1siginda biyoreaktorler
kullanilarak somatik embriyo iiretimidir. Biyoreaktdrler; kiiltiir
islemi devam ederken kiiltiir ortaminin, pH, O> ve diger gazlarin
ve aymt zamanda sicakligmm da kontrol edilebildigi
diizeneklerden olusmaktadir. Biyoreaktorler siirekli iiretimin
gerceklestirilebildigi, kontaminasyonun en aza indirilebildigi ve
ayni zamanda da yiiksek oranda homojenizasyonun saglandigi
sistemlerdir (Colgecen ve Toker, 2006). Somatik embriyolarin
genetik agilimlarinin olmamast doéllenmeyle olusan zigotik
embriyolara gore en Onemli stiinlikleridir. Somatik
embriyolar, hem kiiltiire alinan bitki eksplantinin somatik
yapidaki hiicrelerinden gelisme gosterirler hem de eksplant
alman bitkinin genetik yapisim tasidiklarindan dolay1 da klon
olustururlar (Parrot ve ark., 1991). Bugday (Triticum aestivum
L.), geltik (Oryza sativa L.), asma (Vitis vinifera L.), soya
(Glycine max (L.) Merill), yonca (Medicago sativa L.) ve
bezelye (Pisum sativum L.) gibi gesitli kiiltiir bitkilerinde yiiksek
miktarlarda somatik embriyo {iretiminin gerceklestirilebildigi
bir¢ok farkli yontem bulunmaktadir (Babaoglu ve ark., 2001).
Somatik embriyogenez yoluyla embriyo olusur ve canli tohum
icerisinde bulunan embriyo ile benzer 6zellik gosterir. Somatik
embriyolar tam bir bitki olusturabilme potansiyeline sahip
olduklar1 i¢in kaplanmis tohum olarak bitki gelisimlerinde
bunlardan yararlanilabilir. Somatik embriyolarin koruyucu
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bilesikler ve besin maddesi igeren 6zel maddelerle kaplanmis
haline sentetik tohum denilir (Kurt, 2015).

3. Sentetik tohum

Normalde tohum denildigi zaman disi ve erkek gametlerin
birlesmesi neticesinde olusmus olan ve embriyo endosperm ve
tohum kabugu kisimlarindan olugan yap1 anlasilir. Normal bir
tohumda embriyonun beslenmesi endosperm yapisi tarafindan
saglanir. Olgun tohumlarin genel olarak endospermli (besi doku)
ve endospermsiz (besi doku bulundurmayan) tohumlar olmak
lizere iki farkli g¢esidi vardir. Birgok dogal bitki ve kiiltiir
bitkisinin tohumlar1 gelisip ana bitkiden ayrildiktan sonra
¢imlenmesi adina uygun kosullar saglansa dahi ¢imlenemeyip
uyku haline girerler. Tohum dormansisiyle (uyku hali) uygun
olmayan kosullarin atlatilabilmesi saglandigindan dolay1 bunun
bitkiye biiylik bir yarari vardir. Tohumlarin canlilik ve ¢gimlenme
yeteneklerini  koruduklar1 siire, bitkilere goére farklilik
gostermekle birlikte birgok bitki tohumu canliliklarint 10-25 yil
koruyabilmektedir. Cimlenen tohumlarm yiizdesi yasin
artmasiyla beraber azalmaya baglar (Colgecen ve Toker, 2006).
Tohumda bulunan embriyo yapisindan olgun bir bitkinin
gelismesi i¢in ilk adim olarak ¢imlenme ve ¢imlenme igin de ilk
once tohumun su almasi gereklidir. Hidratasyonla fazla suyun
tutulmasindan dolay1 sisme meydana gelir. Cimlenme esnasinda
solunum hiz1 artarken bir yandan da tohumda bulunan depo
maddeleri hareketlenir. Depo nisastas1 (polisakkarit) enzimatik
yolla ayrisarak basit sekerlere (monosakkaritler) kadar
pargalanir ve olugan bu sekerler de embriyoya tasinip biiyiime
ve gelisme igin gerekli olan enerjiyi saglar (Unal, 2013).
Sentetik tohumlar ise normal tohumdan farkli olarak sodyum
alginat veya alternatif bir bilesenle kaplanmis somatik
embriyolara verilen isimdir (Kiran, 2013) (Sekil 1).

Agilmadan Cogaltiimasi

Tehlike Altinda Dogal Kosullarda Tohum

Olan Tiirler Olusturmayan Bitkiler Arzu Edilen Tirler
I |
|
\ /
Eksplant Segimi
v ¥ v ¥ \
SomatikEmbriyo  Nodal Segmentler Siirgin Uglan Kalluslar ~ Protokorm Benzeri
Yapilar
[ \
!.
Sentetik Tohum
Besi OrtaminaEkim Uretim  Topragaekim Dondurarak muhafaza = Depolama

Sekil 1. Sentetik tohum {iiretim siiregleri ve elde edilen tohumlarin
kullanimi (Saxena ve ark. (2019)’dan degistirilerek).

Sentetik tohum iretiminde eksplant kaynagini tehlike
altinda olan tiirler, tohum olusturmayan bitkiler ve agilmadan
hizl1 bir sekilde ¢ogaltilmak istenen bitkiler gibi bitki kaynaklari
olusturmaktadir. Bu kaynaklardan bitkinin yapisina gore
somatik embriyolar, nodal bitki segmentleri, siirgiin uglari,
kalluslar ve protokorm benzeri yapilar tercih edilerek sentetik
tohumlar elde edilebilmektedir. Bu yontemle elde edilen
tohumlar kisa siirede {iiretilebilirken, dogal tohumlar karmasik
iireme siirecinin son {iriiniidiir ve yetistiriciler yeni bir ¢esidin
gelismesi i¢gin uzun siire beklemek zorundadir (Magray ve ark.,
2017).
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Zigotik embriyo ¢imlenme esnasinda besin kaynagi olarak
kullanacagi endosperm-depo kotiledonlarina ve tohum kabugu
yapilarina sahiptir. Ancak somatik embriyonun bunlarin
higbirine sahip olmamasi, zigotik tohum ile sentetik tohum
arasindaki farki gosterir. Sentetik tohum yapiminda somatik
embriyolar kullanildigi igin bu embriyolarin ekim zamanina
kadar hem canli kalmalarin1 saglamak hem de bitki gelisimi
stirecinde ihtiya¢ duyulan besin maddelerini karsilayabilmek
icin; somatik embriyolarin uygun bir jel ile kaplanmasi,
kaplanan embriyolarin kurutulduktan sonra ekimi ve somatik
embriyolarn sivi icine ekimi gibi cesitli yontemler tercih
edilmektedir (Babaoglu ve ark., 2001).

4. Sentetik tohum olusturulmasi

Sentetik tohum olusturulmasi; bitki se¢imi, somatik
embriyogenez, somatik embriyolarin olgunlastirilmast ve
somatik embriyolarin uygun jel kapsiiline alinmasi (yaygin
olarak sodyum alginat ve kalsiyum kloriir ¢6zeltisi kullanilir)
asamalarindan olusur. Ik defa Murashige tarafindan &ne siiriilen
“yapay tohum” terimi “Giretilmis tohum”, “sentetik tohum” ya da

“sentezlenmis tohum” olarak da bilinmektedir (Murashige,

1978).
Klon  olusturmak  amaciyla  iretilen  bitkilerin
cogaltilabilmesi ve klonlanan 6zelliklerin devamliliginin

saglanabilmesi i¢in sentetik tohum ¢alismalart yapilmistir
(Redenbaugh, 1990). 1978 yilinda Murashige sentetik tohum
gelistirme calismalari yapmuistir. Sentetik tohum
olusturulmasmin bir agsamas: olan kapsiilasyon islemi 1981
yilinda Lavrence tarafindan gelistirilmistir. Kapsiilasyon
isleminin gelistirilmesinin ardindan hidrojel ile kaplama islemi
Redenbaugh tarafindan 1984 yilinda gergeklestirilmis olup,
1989 yilinda ise Fujii tarafindan sentetik tohum ile bitki
gelistirilmesi ¢aligmalar1 yapilmigtir (Ara ve ark., 2000).

Sentetik tohum {iretim maliyeti, arastirma ve gelistirme
caligmalarinin basit veya karisik olma durumuna bagli olarak
farklilik gosterir. Ornegin kolay bir sekilde olusturulabilen bir
embriyonun maliyetiyle genetigi diizenli olan bir embriyonun
maliyetine  bakildiginda aralarinda  ¢esitli  farkliliklar
bulunmaktadir. Otomasyon sistemlerinin gelistirilmesi, yiliksek
maliyete ragmen ¢ok miktarlarda tiretim yapilmasi bitki basina
maliyeti diistirmektedir. Giinlimiizde teknolojinin geligsmesiyle
birlikte sentetik tohum teknolojisi maliyeti diismils ve daha
pratik bir teknik haline gelmistir (Redenbaugh ve ark., 1987;
Gray ve Purohit, 1991; Jang ve ark., 2020).

Doku kiiltiiriinden elde edilen somatik embriyonun hidrate
edilmesiyle ilk olarak sentetik tohumdan bitki olusturulmustur.
Ancak bu yontem hem yiiksek oranda ig giicii ve maliyet
gerektiren, hem de diigiik dretim veriminin oldugu bir
yontemdir. Bir¢ok farkli kaplama sistemlerinin denenmesiyle
boyle bir sorun agilmig ve bagarili sonuglara ulasilmigtir
(Redenbaugh ve ark., 1986; Fujii ve ark., 1989; Fujii ve ark.,

1992).

Gilinimiizde ise sentetik tohumlar, embriyolarin
hidrojellerle kaplanmasi ve desikasyon olmak iizere iki farkli
yontemle elde edilebilmektedir. Somatik embriyolarin

kaplanmasinda en yaygin kullanilan madde hidrojel alginattir
(Onishi ve ark., 1994). Sentetik tohum calismalarinda genel
olarak daha ¢ok sodyum alginat; uygun vizkosite, hizli jellesme,
disik maliyet ve biyolojik olarak uyumlulugu gibi
ozelliklerinden dolay:r tercih edilmektedir (Saiprasad, 2001;
Swamy ve ark., 2009).

Uygun gelisim asamasindaki embriyolar dnce sodyum
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alginat ile karistirilip daha sonra kalsiyum kloriir soliisyonu
igine atilirlarsa 4-6 mm ¢apinda kalsiyum alginat kapsiilleri elde
edilir (Bornman, 1993). Alginat kapsiillerinin elastik olmamasi,
sertlesmesi ve oksijen yetersizligi gibi nedenlerle embriyonun
¢imlenemedigi olumsuz durumlar da gézlenmistir. Bu sorunu
gidermek i¢in somatik embriyolarin kaplanmasinin amaci
gercek tohumlarin benzerinin iiretilmesi seklinde agiklanmistir
(Sakamoto ve ark., 1992).

Desikasyon metodunda ise somatik embriyolar ya
polietilen glikol (PEG) ve eriyebilir regine maddeleriyle
kaplandiktan sonra, ya da hicbir madde kaplamasi islemi
olmadan direkt olarak kurutulmaktadir. Ancak bu yontem
embriyolar i¢in zararli olabilmektedir (Bornman, 1993).
Sentetik tohum iiretim siireci, somatik embriyolarin bir kaplama
materyaliyle karistirilmasini kapsar. Embriyolar bu kaplama
materyali i¢inde korunmaktadir (Chawla, 2002). Somatik
embriyolarin sodyum alginat ve kalsiyum alginat ile kaplanmasi
laboratuvarlar  arasinda  steril materyal transferi ve
germplazmlarin - muhafazasi acisindan  olduk¢a faydali
olmaktadir (Tsvetkov ve ark., 2006).

Sentetik tohum iiretilmesinde ana materyal bitkiden dogal
olarak olusan siirgiin tomurcuklar1 ve bitki doku kiiltiiriiyle
olusturulan somatik embriyolardir. Ancak kiiltiir ortaminda
cesitli kimyasallardan yararlanilarak bu yapilardan biitiin bir
bitki elde edilebilir (Colgecen ve Toker, 2006). Bundan dolay1
somatik embriyolar kaplanmis tohum seklinde kullanilabilme
yeteneklerine sahiptir (Parrot ve ark., 1991).

Sentetik tohum olusturabilmek i¢in somatik embriyolar
disinda; nodal bolgeler, siirgiin tomurcuklart, in vitro gogaltilmis
stirgiin yapilar1 kullanilmakla birlikte protokorm benzeri yapilar
ve sacakli kokler de kullanilabilmektedir (Khor ve Loh, 2005;
Colgecen ve Toker, 2006).

Sentetik tohum teknolojisinin esas amaci, somatik
embriyolar1 korumak, saklama ve tasimada kolaylik saglamaktir
(Guerra ve ark., 2001). Ayrica sentetik tohum teknolojisi, in
vitro ortamda tretimleri gergeklestirilen bitkilerin arazi veya
sera ortamina aktariminda boyutlarin kiigliik olmasindan dolay1
biiyiik oranda kolaylik saglamaktadir (Soneji ve ark., 2002).
Sentetik tohumlar normal tohumlar gibi toprak ve besi
ortaminda ¢imlendirilip bitki gelisimleri saglanabilmektedir.

Genelde kurutulmus ve hidratlanmig (yas) olarak iki
sekilde sentetik tohum tiretilmektedir (Rihan ve ark., 2017).
Redenbaugh ve arkadaglari, yonca bitkisinde somatik
embriyolarn bir hidrojel matriksle ile kaplanma igleminin
gelistirmis ve bunun {izerine 1988 yilinda patent almislardir
(Redenbaugh ve ark., 1984). Yas tohum, farkli somatik yapilarin
sodyum alginat, agar, gelrit ve karragenan gibi gesitli hidrojel
matriksler kullanilarak kapsiile alindigr bir tohum ¢esididir.
Ancak kapsiil olugturmada en ¢ok kullanilan jel, kalsiyum
tuzlariyla katilagabilen bir jel matriksi olan sodyum alginattir.
Siispansiyon kiiltiiriinden elenerek alinan somatik embriyolar
sodyum alginat ile karistirildiktan ve kalsiyum kloriir ¢ozeltisine
damlatilir ve daha sonra kalsiyum kloriir (CaCly) ¢ozeltisi ile
birlikte yiizeyde bir kompleks olusturur. Bdylece igerisinde
birkag propagiil bulunduran yuvarlak boncuk seklini alir.
Boncuklar ¢ozelti igerisinde 60 veya 90 dakika tutulup, ardindan
su ile yikandiktan sonra hava ile kurutulur ve 4°C sicakliktaki
ortamda tutulur. Alginat matriksiyle bir araya getirilip
karigtirilacak olan tomurcuklar miimkiin olabilecek en kiigiik
boyuta getirilir. ikinci metotda ise, propaguller, sicaklikla
stvilagan agar veya gelrit gibi jel matrikslerle karigtirildiktan
sonra kapsiiller icine ddkiilerek sogutulup katilagmasi saglanir
(Colgecen ve Toker, 2006).
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Kurutulmus tohumlar ise, ilk defa Kitto ve Janick
tarafindan havug embriyolarmin kaplanmasinda kullanilan bir
yontemdir (Kitto ve Janick, 1982; Ara ve ark., 2000). Somatik
yapilarin polietilen glikolle kaplanmasiyla olusturulan bir tohum
¢esididir. Kaplanmis bitki yapilart steril sartlar altinda ve teflon
bir yiizeyde saatlerce kurumaya birakildiktan bir siire sonra
kuruyarak ince bir sekil alan karisim son olarak yapay kiiltiir
ortamina almarak re-hidrate edilir ve embriyolarin canli
tutulmasi saglanir (Colgecen ve Toker, 2006).

5. Sentetik tohumun avantaj ve dezavantajlari

Sentetik tohum genetik benzerlik, hastaliksiz bitki elde
edilme olanaklari, ¢alisilmasinin kolay olmasi, {iretim
maliyetinin diisiik olmasi, segkin ve nesli tiikkenmekte olan veya
soylar1 tiikenmis bitki tiirlerinin germplazmlarinin muhafaza
edilebilmesi, transgenik bitkilerde orijinal genotipe sahip ana
bitkinin somatik embriyo seklinde korunabilmesi, bitki
¢ogaltiminin kolay yapilabilmesi, direkt olarak araziye aktarim
yapilmasi, boyutlarinin kiiciikk olmasindan dolayi depolama,
isleme, nakletme ve dikme islemlerinde kolaylik saglamasi,
tohumla {retimin miimkiin olmadig1 bitkilerde de alternatif
olarak tohumla {iretime olanak saglamasi, biitiin iiretim
asamalarinin otomasyona baglanabilmesi gibi pek ¢ok avantaja
sahiptir (Ara ve ark., 2000; Fang ve ark. 2004; Colgecen ve
Toker, 2006; Ravi ve Anand, 2012; Kiran, 2013). Yine sentetik
tohumlarin yilin herhangi bir zamaninda ve her mevsiminde
tiretilebiliyor olmasi da bir diger avantajidir (Magray ve ark.,
2017). Ayrica kararsiz genotiplere sahip veya enfeksiyona karsi
duyarlt olmayip tohum kisirligt gosteren hibritlerin tiretiminde
sentetik tohum teknolojisinin kullanilabilir olmas: da sentetik
tohumun bir diger avantajin1 gostermektedir (Sahoo ve ark.,
2012). Sentetik tohum teknolojisinin tiim bu avantajlarinin yani
sira mikrogogaltim i¢in canli yapilarin az olmasi, somatik
embriyolarin ayni zamanlarda gelisememesi, somatik embriyo
yapilarinda strese tolerans ve dormansi (uyku hali) durumunun
eksik olmasi, uygun olmayan olgunlagsmalar sonucunda
kolaylikla ¢imlenme ve olgun bitkiye doniisme kapasitesinin
diisiik olmas1 gibi bazi1 dezavantajlar1 da bulunmaktadir (Ara ve
ark., 2000; Singh ve ark., 2020).
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6. Sonug

Somatik embriyolarin kaplanmasinda en uygun jel matriksi
olarak sodyum alginat veya alginik asit tercih edilmektedir.
Somatik embriyolarin bir jel matriksiyle kaplanmasindan olusan
sentetik tohumlar bazi smirlamalarla karsilagsa da birgok
avantajlarmin  bulunmasiyla ticari olarak iiretime katkida
bulunabilir. Hizla gelisen teknoloji ile birlikte yakin bir
gelecekte sentetik tohumlarin CRISPR ve diger gen transferi
teknolojileri gibi biyoteknolojik yontemlerle birlestirilerek
heniiz tohum asamasinda iken arzu edilen yonde tohumun
dizayn edilmesi daha da miimkiin hale gelecek bu sayede ¢ok
daha kisa siirelerde genetik yap1 olarak iyilestirilmis tohumlarin
eldesi imkan déhilinde olabilecektir. Tohumla iiretilemeyen
bitkilerin gelistirilmesinde sentetik tohum teknolojisinden
yararlanilarak bu bitkilerin iiretimine katkida bulunabilmekte
ancak c¢aligmalarin incelenmesinden yola ¢ikilarak bazi
sikintilarla karsilagilabilecegi goriilmektedir. Bunun yaninda
nesli tiikenme tehlikesi altinda olan bitkilerden elde edilen
somatik embriyolarin kaplanmas: yoluyla neslinin devami
saglanabilmekte ve boylece orijinal genotip yapisi korunup
gelecek nesillere aktarilabilmektedir. Sentetik tohum aslinda her
ne kadar bazi sinirlamalari olan bir teknoloji olsa da mevcut
avantajlarindan dolay1 6nemli bir yere sahiptir. Sentetik tohum
olusturma mekanizmalarinin daha iyi belirlenmesi, daha diisiik
maliyetle ve daha kolay bir sekilde uygulanabilmesi bu tiir
calismalarin daha seri bir sekilde yapilabilmesine olanak
saglayabilecektir.
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