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Aragtirma makalesi / Research article

Secilmig bir sektordeki i¢ ortam hava kalitesinin is¢i saghigi ve is giivenligi
temelinde degerlendirilmesi

Ahmet Gokcan ™", Hacer Handan Demir?"*", Cevriye Ebrar Aktas'"*' Rabia Gur!‘=’,
Hatice Uygun®"*’, Goksel Demir!

! University of Health Sciences Turkey, Hamidiye Faculty of Health Sciences, Department of Occupational Health and Safety,
34668, Uskudar, Istanbul, Turkey
2 |stanbul Gelisim University, Faculty of Applied Sciences, Department of Logistics Management, 34310 Avcilar, Istanbul, Turkey

Maden sektorii, tag ocagi isletmeleri, cam ve seramik sektorleri gibi birgok sektdrde yogun olarak karsilasilan ve ¢alisan sagligt
tizerinde ciddi meslek hastaliklarina sebep olan silika tozu i¢ ortam hava kalitesini olumsuz bir sekilde etkilemektedir. Bu ¢aligmada
kapal1 ortamlarda yapilan ¢alismalarda i¢ ortam hava kalitesine etki eden faktorlerden birisi olan ve maden sektoriinde yogun olarak
goriilen kristal yapidaki silika tozunun ¢alisma ortaminda ve ¢alisanlar lizerindeki maruziyeti analiz edilmis ve ¢alisanlarin sagligi
tizerindeki etkileri incelenmistir. Elde edilen veriler incelendiginde, ¢alisanlara yapilan kisisel silika tozu maruziyet 6lgiimleri, yasal
mevzuatta 2,4 mg(m®)?! olarak belirlenen esik simr degerine yakin oldugu, galigma ortamlarinda alinan silika tozu maruziyet
dlglimlerinin ise yasal mevzuatta belirtilen 2,4 mg(m®)*’iin altinda oldugu gézlemlenmistir. Analiz sonucunda elde edilen bulgular
literatiir 15181nda tartisilmis ve sonuglandirtlmastir.

Anahtar kelimeler: i¢ ortam havast; is saghg ve giivenligi; kirlilik; meslek hastaligi; silika tozu

Evaluation of indoor air quality in a selected sector on the basis of
occupational health and safety

Abstract

Silica dust, which is intensely encountered in many sectors such as the mining industry, quarry operations, glass and ceramic
industries, and causes serious occupational diseases on employee health, adversely affects indoor air quality. In this study, the
exposure of crystalline silica dust, which is one of the factors affecting indoor air quality in indoor studies and which is intensely
seen in the mining sector, in the working environment and on the employees was analyzed and its effects on the health of the
employees were examined. When the data obtained are examined, it is seen that the personal silica dust exposure measurements
made to the employees are close to the threshold limit value determined as 2.4 mg(m3)* in the legal legislation, and the silica dust
exposure measurements taken in the working environments are observed below the 2.4 mg(m?)?* specified in the legal legislation.
The findings obtained as a result of the analysis were discussed and concluded in the light of the literature.

Keywords: Indoor air; occupational diseases; occupational health and safety; pollution; silica powder
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A. Gokcan ve ark.
1. Giris / Introduction

Hava kirliligi, kiiresel saglik icin biiyiik bir zorluk teskil
etmektedir. Diinya Saglik Orgiitii/World Health Organization
(DSO/WHO) tarafindan 2012 yilinda yapilan bir calismaya
gore; diinya capindaki 8 O6liimden birinin hava kirliliginden
kaynaklanmaktadir. Yine Diinya Saglk Orgiitiiniin yaymlamis
oldugu istatistiki verilere gore, her yil 4.6 milyon insan
dogrudan kotii hava kalitesinden kaynaklanan gesitli hastaliklar
sebebiyle 6lmektedir (Cohen ve ark., 2017). Bu nedenle kotii
hava kalitesi her yil &liim sayisinin artmasindan sorumlu
olmaktadir (Kuzu ve ark., 2015). Bu veriler goz Oniine
alindiginda 6zellikle kapali alanlarda, i¢ ortam hava kalitesinin
degerlendirilmesi onem teskil etmektedir. Insanlar giinliik
yasamlarinin neredeyse %85-90’1n1 ev, isyeri, okul, hastane ve
aligveris merkezi gibi kapali ortamlarda geg¢irmektedir. Bu
sebeple kapali alanlarda, i¢ ortam hava kalitesinin, insan saglig1
iizerinde 6nemli bir etkisi vardir (Castro ve ark., 2015).

Is saghigi ve giivenligi agisindan degerlendirildiginde,
¢aligma ortamlarindaki i¢ ortam hava kirleticileri, ¢calisan sagligi
i¢cin 6nemli bir rol almakta, kiiresel olarak meslek hastaliklarina
ve hatta erken &liimlere neden olan bir ajan olusturmaktadir
(Kalimeri ve ark.,, 2019). Kapali ortamlarda yapilan
caligmalardan elde edilen degerlerinin 6l¢timleri incelendiginde;
i¢c ortamlardaki kirli hava diizeyinin, dis ortamlardaki kirli hava
diizeyinden yaklasik % 70 daha kirli oldugu sonucuna
varilmistir. Bu sonug¢ dogrultusunda kapali ortamlarda galigan
kisiler, dig ortam yani acik ortamlarda g¢alisan kisilere oranla
daha fazla kirli havayr solumaktadirlar (Soysal ve Demiral,
2007).

Is saglig1 ve giivenligi dahilinde is yerinde is hijyeni 6l¢iim,
test ve analizlerinin yapilmasi, raporlanmasi ve mevzuatlara
gore degerlendirilmesi yapilmaktadir. Is saghg ve giivenligi
6l¢iim hizmetleri; aydinlatma 6l¢timii, ortam giiriiltiisii 6l¢timii,
kisisel giiriiltii 6l¢timil, titresim 6lglimil, toz Sl¢giimil, gaz Slglimii
ve termal konfor 6l¢iimlerini igermektedir (Alptekin ve Celebi,
2015). Olgiimler ile birlikte ¢alisma ortamlarindaki muhtemel
tehlikelerin belirlenmesi ve gerekli 6nlemlerin alinabilmesi i¢in
risk analizinin yapilmasi da biiyiik 6nem arz etmektedir (Ersoy
ve Kaya, 2019). Bu odl¢limler dogrultusunda i¢ ortam havasi
icerisinde ne kadar kirletici yogunlugu oldugu ortaya
cikmaktadir. Olgiimlerin  sonucunda da ortanmun kirletici
degerleri ve maruziyete bagli olarak ortaya ¢ikabilecek saglik
etkileri degerlendirilmektedir (Turk, 2021).

I¢ hava kalitesini etkileyen parametreler arasinda; karbon
monoksit, karbondioksit, ugucu organik bilesikler, partikiil
madde, silis tozu (silika), sigara dumani, ozon, asbest, radon,
kursun, azot dioksit, kiikiirt dioksit, kimyasal maddeler, temizlik
griinleri, dezenfektan gibi maddeler yer almaktadir. Bu
maddeler hava kirliligine ve ¢alisan saglig1 iizerinde olumsuz
etkilere neden olabilmektedir (Zhu ve ark. 2021).

[¢ ortam hava kirliligi; i¢ ortam havasinda insan sagligina
etki eden zararl1 maddelerin belirlenen standartlarin iizerindeki
degerlere ¢ikmasindan kaynaklanmaktadir (Flores ve ark.,
2020). Kapali ortamlarda yapilan ¢aligmalarda, calisanlar ig
ortam hava Kirleticilerine; solunum yolu, deri temasi ve kirli
hava ile kontamine olmus gidalarin tiikketimi yoluyla maruz
kalabilmektedirler (Baysan, 2013).

Bunlarla birlikte ortamda bulunan kisi sayisi, kisinin
fiziksel oOzellikleri, maruz kalinan slire ve maruziyet
konsantrasyonu, kirliligin neden olabilecegi saglik etkilerinin
derecesini belirlemektedir (Skinner ve ark., 2006).
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Konu ile ilgili kapali mekanlarda yapilan ¢aligmalarda i¢
ortam hava kirleticilerine maruziyet sonucunda ¢alisanlarda,

Akciger kanseri,

Kronik astim,
Kardiyovaskiiler hastaliklar,
Bobrek rahatsizliklari,
Hasta bina sendromu (HBS)
Orta kulak iltihabi,
Tiiberkiiloz,

Enfeksiyon,

Bagisiklik sistemi hastaliklari,
Psikolojik rahatsizliklar,
Mide rahatsizliklari,

Gii¢ ve motivasyon kaybi

gibi akut ve kronik rahatsizliklarin olugmasina ve hatta
6limlerin meydana gelmesine neden olabilmektedir (Polatli, ve
ark., 2001).

Maden sektorii, dokiim islerinde, tas ocagi isletmelerinde,
dis teknisyenliginde, cam ve seramik sektorii ve tiinel agma
islemleri gibi ¢aligma alanlarinda yogun olarak karsilasilan ve
calisanlarda ciddi meslek hastaliklarina sebep olan silika tozu i¢
ortam hava kalitesini olumsuz bir sekilde etkilemektedir (CDC,
2021a). Caligsanlarda solunum yolu ile niifuz eden silika tozlari
akcigerlere kadar ulagmakta ve akcigerlerde birikerek tahribata
yol agmaktadir. Akcigerlerde actigi bu tahribata “silikozis”
denmekte ve bir meslek hastalifi olarak kabul edilmektedir.
Silika tozuna maruziyet, baglangictan itibaren maruziyet
yogunluguna bagli olarak 10 yil sonuna kadar ortaya ¢ikan bir
kronik tablo icermektedir. Silikozis uzun siire belli bir semptom
gostermedigi igin tan1 koyulamamakta ve bu nedenle “sinsi
hastalik” da denilmektedir. Hastalik baglangi¢ evresinde dispne
veya Okslirlik semptomlart gostermekte, ilerleyen agamalarda
iist akciger zonlarinda kiigiik silikotik nodiiller olusturarak
hastaligin seyrini gelistirmektedir. Hastalik ilerleyen evrelerde
hipoksemik solunum yetmezligine ve kor pulmanale
seviyelerine gelerek ciddi vakaya doniismektedir. Giiniimiizde
silikosiz hastaligt igin etkin tedavi yontemleri ne yazik ki
bulunmamaktadir. Bu nedenle 6zellikle maden ocaklari gibi
kapali ¢aligma ortamlarinda i¢ ortam hava kalitesinin siirekli
olarak degerlendirilmesi elzem bir konudur (Turk, 2021).

Tozlar hem i¢ ortam hava kalitesi, hem de ¢alisan sagligi
acisindan oldukga dnem teskil ettiginden 6331 sayili is saglig
ve giivenligi kanununda “Tozla Miicadele Yonetmeligi”
olusturulmustur. Bu yonetmelikte ¢aligma ortamlarinda
tozlardan kaynaklanan tehlike ve risklerle miicadele etmek ve i¢
ortam hava kalitesinin normal diizeylere getirilmesini saglamak
amactyla c¢alisanlarin maruziyet diizeylerinin sifirlanmasim
hedefleyen usul ve esaslar yer almaktadir (Tozla Miicadele
Yonetmeligi, 2013).

Yonetmelikte belirtilen, giinliik 8 saatlik ¢caligsma siiresince
calisanlarin solunum bolgesindeki havada bulunan silika toz
yogunlugunun zaman agirlikli ortalamasina iligkin {ist sinirlar
Tablo 1’de verilmistir.

Bu arastirmada, maden sektoriindeki i¢ ortam hava
kalitesini etkileyen faktorlerden biri olan silika tozunun
konsantrasyonunun uygun 6l¢iim cihazlar ile dlgiilerek analiz
edilmesi ve bu sektdrdeki ¢alisanlarin ve ¢alisma ortaminin i¢
ortam hava kalitesine yonelik maruziyet diizeylerinin
belirlenmesi amaglanmistir.
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Calisma ortamlarinda silika tozu 6l¢iimii ve saglik etkileri
konusu literatiirde ¢ok az calisilmis bir arastirma alanidir. Bu
baglamda yapilan bu ¢alisma nitelik bakimindan O6nemli
sayilabilecek bir aragtirma olacaktir.

Tablo 1/ Table 1

Tozla miicadele yonetmeliginde belirtilen silika esik smir degerleri
(ESD) / Silica threshold limit values (ESD) specified in the dust fighting
regulation (Tozla Miicadele Yonetmeligi, 2013).

Kayac¢-Mineral TWA
Silika Tozu (Kristal Yapida)
| . - 10 mg(m®)*
Kuvars Miktar1 (Solunabilir formda) %Si0,+2
. 30 mg(m3)*?
Kuvars Miktari (Toplam) %Si0,+2
Komiir Tozu [Silika (SiO,) iceren]
%5 ve daha az SiO; igeren solunabilir toz miktar: 2,4 mg(m3)*
3)-1
%5 ve daha fazla SiO; igeren solunabilir toz miktari M
%8Si0,+2

2. Gereg ve yontemler / Materials and methods

Aragtirmada, analiz edilen 6rnekler ¢aligma ortamlarindaki
farkli 6l¢im noktalarindan ve farkli ¢alisanlar iizerinden
almmustir. Yapilan dlgiimlerin sonuglar1 “Is Hijyeni Olgiim, Test
ve Analiz Laboratuvarlari Hakkinda Yonetmelik” in 2.
maddesinde belirtilen 6n yeterlilik ve/veya yeterlilik belgesine
sahip laboratuvar tarafindan elde edilmistir. Kapali ortamlarda
toz Olcimii  yapilirken; gravimetrik Olgiim  yOntemi,
radyometri/B 1511 absorbsiyonu 6l¢iim yontemi, reflektometri
Ol¢tim yontemi, nethelometri 6l¢iim yontemi ve piezoelektrik
terazi 6l¢lim yontemi gibi ¢esitli yontemler kullanilmaktadir. Bu
yontemlerden en sik kullanilan ve daha dogru sonucglarin elde
edildigi yontem gravimetrik 6l¢iim yontemidir.

Gravimetrik 6l¢glim yontemi, incelenen toz partikiillerine
ait kiitlenin, alinan Ornegin saf halinin veya bilesiklerin
elementlerine ayrilmasi yoluyla elde edilen numunenin
tartilmasi temeline dayanan nicel bir analiz yontemidir. Calisma
alanlarinda bulunan toz maruziyeti gravimetrik analiz ile tayin
edilirken ilk olarak 6rneklem alinacak g¢aligma bdolgeleri ve
numune alinacak ¢alisanlar belirlenir. Calisanlarin solunum
bolgesine yerlestirilen kisisel toz 6l¢iim pompalartyla bir filtre
iizerinde tozlar toplanir. Olgiim yapmadan once 24 saat kirden
ve nemden uzak bir sekilde bekletilmis filtrelerin hassas terazi
yardimiyla darasi alimir. Olgiimler en az 3 kez ve minimum 30
dakika olmak kosuluyla tekrarlanir. Ol¢iim sonucunda filtreler
tekrar tartilarak gerekli hesaplamalar yapilir. Hesaplama
yapilirken kullanilan formiiller ile giinliik 8 saatlik ¢alismanin
sonucunda maruz kalinacak toz miktar1 belirlenir. Calismamizda
gravimetrik analizde NIOSH 600 (¢alisma ortaminda bulunan

Tablo 2/ Table 2
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solunabilir toz tayini) ve NIOSH 7602 (¢alisma alaninda kristal
silika tayini) olarak adlandirilan metotlarin  formiilleri
kullanilmistir. Alinan toz numuneleri ve drneklem pompalari
dogru sonuglar elde edilebilmesi i¢in kiil firininda 1sitilarak tayin
edilmigstir (Tankut ve ark., 2014).

NIOSH 600 metodunda kullanilan formiil (CDC, 2021b)

_ (W1—-Wp)—(B1-B2) 51 13 3\-1
== 10° mg(m3)

C
C=Toplam toz miktar1
W;=Ol¢iimden &nceki filtre agirhig
W,=Ol¢iimden sonraki filtre agirlig
B1=Bos filtrelerin dara agirlig1
B>=Numune alindiktan sonra
ortalamasi
V=Hacim

fitrelerin ~ agirhgimin

NIOSH 7602 metodunda kullanilan formiil;
C = % mg(m?3)!

C=Toplam toz miktar1
W;=Silika agirlig1 konsantrasyonu
V=Hacim

Silika sinir degeri hesaplanirken, analizde kullanilan
filtrelerin iizerinde toplanmis olan tozdaki silika yiizdesi Tablo
1’deki belirtilen faktorlere gore degerlendirilmektedir.
Hesaplama sonucu ortaya ¢ikan silika tozu sinir degeri
maruziyet degeri olarak kabul edilir. Ortamdaki silika degerleri
ile maruziyet degeri karsilastirilmamalidir.

3. Bulgular ve tartisma / Results and discussion

Maden sektoriinde yogun olarak goriilen silika tozlari
calisanlar icin biiyiik bir tehdit olusturmaktadir. Uluslararasi
Kanser Arastirma Orgiitii tarafindan yapilan caligmalarda silika
maddesinin insanlarda kesin olarak kansere yol agtig
kanitlanmis ve karsinojenik maddeler arasinda yer almistir
(Anlar ve ark., 2019). Maden sektoriinde, ¢alisanlarda kisisel
maruziyet silika tozu ve galisma ortaminda silika tozu 6lgtimleri
yapilmistir. Calisma ortaminda maruziyet gruplari ve siireleri
belirlenmis temsili ¢alisanlar i¢in NIOSH 7602 standartlarina
uygun Ol¢iim siireleri ve pozisyonlarda calisanlarda kisisel
Ol¢iimler gergeklestirilmistir. Calisanlarin  maruziyet sinir
degerleri (TWA), silika tozunun konsantrasyonuna bagli olarak
maruz kalma siiresi ve siddeti tizerinden bir ¢alisma periyodu
i¢in hesaplanmustir.

Caligsanlarin kigisel maruziyet silika 6l¢iim sonuglari / Employees’ personal exposure silica measurement results.

Ol¢iim Yapilan N . Sicakhk Nem LS Silika Tozu Maruziyet Esik Simir Degeri
Personel Calistir Boliim / Gorevi (°C) (mbar) I)Se:lgjl:'i Degeri TWA mg(m?®)* (ESD) mg(m?)*
A Kisisi Silis bolimii 6giitme 19,8 892,1 420 0,4
B Kisisi Dokiim / Kaynak agz1 agma 24,4 892,3 240 <0,03!
C Kisisi Savurma dokiim kalib1 operator 24,7 892,3 420 <0,03!
C Kisisi Rediiksiyon boliimii operatér 29,3 892,1 420 0,11 2,4 mg(m®)?*
D Kisisi Peletleme boliimii operator 23,4 890,1 240 0,05
E Kisisi Rediiksiyon operator 24,1 890,3 420 <0,03!
F Kisisi Ciiruf tasima 25,1 890,3 420 0,11

1 Goriilebilecek en alt seviyededir / It is at the lowest visible level.
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m Silika Tozu Marmziyet Degerleri mg(m3)-1 = ESD mg(m3)-1
3 < < < < < <+ <
b (o] (o} (o} ™ (o] (o] (o]
wm
=T
=
Z %
g
5 <
e - o o p e o =
< = = = = = =
A l o (=] (=] (=]
“ A Kigisi B Kisisi C Kigisi ¢ Kigisi D Kigisi E Kigisi F Kisisi

CALISAN KISILER

Sekil 1/ Figure 1. Calisanlarin kisisel maruziyet silika 6l¢iim sonuglar1 / Employees’ personal exposure silica measurement.

Tablo 3/ Table 3

Caligma ortamindaki silika 6l¢iim sonuglari / Silica measurement results in the working environment.

Silika Tozu Maruziyet Esik Simir Degeri

Ol¢iim Yapilan Boliim Olc¢iim Saatleri Ortam Sartlari Degeri TWA mg(m?) (ESD) mg(m?)*
Sicaklik (°C) Basing (mbar)
Peletleme orta nokta 13.00- 16.00 23,40 890,1 <0,03!
Rafinasyon orta alan 9.50- 12.50 23,40 892,2 <0,03* 2,4 mg(m?®)*
Hammadde depolama alam 9.40- 12.40 20,60 892,5 <0,03*
Ferro silis boliimii 9.30-9.50 23,40 890,1 0,16
! Goriilebilecek en alt seviye / The lowest visible level.
u Silika Tozu Maruziyet Degeri B Esik Sinir Degeri (ESD)
TWA mg/m?
2 mg/m?
5 % <+ <+ <+ <+
B o [ ol i P
2%
g
EL
wz
¥
- o = —
1. BOLGE 2. BOLGE 3. BOLGE 4. BOLGE

CALISMA ALANI

Sekil 2 / Figure 2. Calisma ortamindaki silika 6l¢iim sonuglari / Silica measurement results in the working environment.

Yapilan dl¢iimlerde uygun 6l¢liim cihazlar1 kullanilmistir.
Silika orneklemesi ve analizi; NIOSH 7602 standardinda yer
alan analiz yontemlerine gore hesaplanmistir (Karadag ve ark.
2001).

Tesiste belirlenen yeterli sayidaki calisanlar {izerinde
yapilan kigisel maruziyet silika 6l¢iimlerinin sonuglar1 Tablo 2
ve Sekil 1’de verilmistir. Olgiim sonuglarinda ve yapilan
hesaplamalar neticesinde ¢alisanlarda oOlgililen silika tozu
maruziyet degerleri normal sevilerde oldugu tespit edilmis ve 3
¢alisandan alinan numunelerde silika tozu maruziyet sinir degeri
goriilebilecek en alt sinir deger olarak tespit edilmistir. Tespit
edilen 6l¢iim sonuglarina gdre aragtirmanin yapildigt maden
ocaginda, calisanlarin maruz kaldiklar1 silika tozu maruziyet
seviyesi, tozla miicadele yonetmeliginde yer alan “Esik Sinir
Degeri” (ESD)’nde belirtilen 2.4 mg(m®)’iin altinda oldugu
(Tozla Miicadele Yonetmeligi, 2013) ve bu sonuglarin ¢alisanlar
icin ciddi tehlikeler igermedigi sonucuna ulasilmistir.

Calisma ortaminda yapilan silika &lglim sonuglar
incelendiginde; ¢aligma ortaminda belirlenmis bolgelerde, silika

konsantrasyonunun yogun oldugu noktalardan NIOSH 7601
standartlarina uygun olarak belli siirelerde ve standartlara uygun
Ol¢iim  pozisyonlarda numuneler almmis ve analiz
gergeklestirilmistir. Analizde elde edilen sonuglar; “Is Hijyeni,
Olgiim, Test, Analiz Laboratuvarlart Hakkinda Yonetmeligi”ne
gore calisma ortamindan almman sabit nokta dl¢limleri
gerekiyorsa calisanlarin, calisma ortamlaridaki
maruziyetlerinin ~ degerlendirilmesi  igin  kullanilabilir.
Caligmanin siirekli yapildigi ¢alisma ortamlarinda maruziyetin
en yiiksek olabilecegi nokta 6l¢iim noktasi olarak kabul edilir.
Caligma ortaminda alman analiz sonuglar1 kigisel maruziyet
seviyesini gostermemektedir. Bu sebeple caligma ortamindan
alman silika tozu Olglim sonuglari, kisisel maruziyet sinir
degerleri ile karsilastirilmamastir.

Elde edilen analiz sonucunda filtrelerden alinan numuneler
ile gerekli hesaplamalar yapilmis ve elde edilen sonuglar Tablo
3 ve Sekil 2°de sunulmustur. Sonuglara gore belirlenen ¢alisma
ortamlarinda bulunan silika konsantrasyonlar1 standartlarin
altindadir. Elde edilen degerlerin normal seviyelerde oldugu,
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caliganlar icin bir tehdit olusturmadigr goriilmektedir. Buna
gore; elde edilen degerlerin normal seviyelerde oldugu,
calisanlar i¢in bir tehdit olusturmadig goriilmektedir.

4. Sonuc¢ ve 6neriler / Conclusion and recommendations

Bu aragtirma, i¢ ortam hava kirleticilerinden biri olan ve
calisan sagligr igin biiyiik tehlike arz eden silika tozunun,
maruziyet seviyelerini degerlendirmek amaciyla yapilmistir.
Caligsanlardan alinan 6rneklemlerde ve galisma ortaminda alinan
numune Orneklerinde silika tozunun varligi tespit edilmistir.
Calisanlardan alinan silika tozu Orneklemlerinin analiz ve
hesaplama sonugclari, tozla miicadele yonetmeliginde yer alan
esik sinir degerleri ile karsilastirildiginda elde edilen sonuglarda,
silika tozunun, belirtilen esik sinir degerlerine yakin veya alt
smirlarda seyrettigi goriilmiistiir. Caligma ortamlarindan alinan
numunelerin analiz ve hesaplama sonuclar1 da yine benzer
sekilde ilgili yonetmelikte belirtilen esik sinir degerinin altinda
oldugunu gostermistir. Esik sinir degerlerinin altinda 6l¢iim
sonuglarinin alinmasi, silika tozuna maruziyetin var oldugu
gercegini ortadan kaldirmamaktadir.

Calisanlarin silika tozuna maruz kalmalari ve ¢alisma
ortamlarinda silika tozunun var olmasi ¢alisanlar i¢in her zaman
ciddi bir tehlike olusturmaktadir. Silika tozunun baglangi¢
evresinde herhangi bir semptom gostermemesi de bu tehlikenin
Onemini ortaya koymaktadir. Silika tozunun ¢aligma ortaminda
var olmasi ve c¢alisanlarin az da olsa toza maruz kalmasi,
maruziyetin sikligina, yogunluguna ve maruz kalma siiresine
bagli olarak ileride calisanlarda ciddi meslek hastaliklarina
sebep olmaktadir (Borm ve ark., 2011).

I¢ ortam hava kirleticileri arasinda yer alan silika tozunun
“Uluslararas1 Kanser Arastirma Ajansi1” tarafindan da kansere
sebep oldugu kesin olarak kanitlanmis ve literatiirde de silika
tozunun insan saghigi i¢in ¢ok tehlikeli bir madde oldugu ilgili
¢aligmalar yer almistir (Anlar ve ark., 2019). Yapmus oldugumuz
aragtirma sonucunda maden sektoriindeki silika tozunun hem
calisan sagligini korumak ve daha giivenli ¢alisma ortami
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olusturmak hem de i¢ ortam hava Kkalitesinin daha temiz
olmasini saglamak amaciyla 6neriler hazirlanmustir.

Bu oneriler:

Isletmede silika tozu konsantrasyonun yogun oldugu
bolgeler icin risk degerlendirilmesi yapilmali ve risk
degerlendirmesinde belirlenecek periyotlar ile toz maruziyet
6lgtimleri yapilmalidir.

Isletmede i¢c ortam hava kalitesini yiikseltmek ve temiz
hava girigini artirmak i¢in hem lokal hem bélgesel havalandirma
sayisi artirilmali, mevcut bulunan havalandirma sistemlerinin
periyodik kontrollerine ve hava filtrelerinin temizligine 6nem
verilmelidir.

Tozlu ortamlarda temizlik yapilirken kesinlikle kuru
siplirilme  islemi yapilmamali, sulu siiplirme islemi
uygulanmalidir.

Calisanlara, is elbiselerinin temiz kullanilmasi konusunda
diizenli olarak ikazda bulunulmali, is elbisesinin temizligiyle
ilgili is hijyeni egitimi verilmeli ve ¢alisanlara igletme tarafindan
uygun kigisel koruyucu donanimlar temin edilmelidir.

Calisanlara daha giivenli ¢alisma ortaminin saglanmasi i¢in
isletme genelinde is saghgt ve giivenligi kiltiiriinin
olusturulmas: igin egitici c¢alismalarin yapilmasi1 seklinde
Ozetlenebilir.

Sonug olarak; yapilan bu calisma ile calisan sagligina
onemli derece etki eden i¢ ortam hava kirleticilerinden biri olan
silika tozu degerlendirilerek, c¢alisma ortaminda alinmasi
gereken Onlemler belirlenmeye calisiimistir.
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Abstract

Cowpea exhibits significantly inconsistent performances across different environments, and hence demands performance
evaluation of genotypes prior release or cultivation in every breeding program. Hence, the goal of this study was to compare 16
cowpea genotypes over six planting seasons (2014-2019) in Akungba-Akoko, Nigeria for their stability and adaptation through
Finlay and Wilkinson (FW), Additive Main Effects and Multiplicative Interaction (AMMI) and Genotype and Genotype X
Environment (GGE) analyses. ANOVA revealed high significant genotype (15.33%), environment (14.71%) and GEI (64.34%)
effects for seed yield among genotypes. All analyses were able to pinpoint stable high-yielding genotypes including G14 and G9.
Genotypes G14, G3, G4, G5, G6 and G9 were high yielding and stable according to FW; AMMI showed G10, G9, G16, G14 and
G13 stable high-yielding while GGE showed G14, G16, G9 and G13 as stable high-yielding. As analyses explored the variation in
the data due to GEI, they also complemented one another, in that where one erroneously included a wrong genotype as stable; the
other excluded such genotype, making recommendation possible on the basis of consistency to gain reliability.

Keywords: Adaptation, cowpea; g x e interaction; stability, yield

1. Introduction

Cowpea [Vigna unguiculata (L.) Walp], one of Nigeria’s
most popular grain legumes, and in all the tropical and sub-
tropical countries (Ajayi and Gbadamosi, 2020). This legume is
vital for its contribution to the nutrition of people and livestock.
Its high plasticity nature allows it to adapt to wide range of
environmental conditions. Its inherent ability at fixing
atmospheric nitrogen in soil with consequent soil enhancement
(Olayiwola et al., 2015; Gomes et al., 2019; Aliyu et al., 2019)
and being a source of income to millions of people of these
regions (Kebede and Bekeko, 2020) make it a choice crop for
cultivation. Cowpea seeds are rich in protein and minerals
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E-mail address: toyin.ajayi@aaua.edu.ng (A. T. Ajayi).
https://doi.org/10.51753/flsrt.1036051 Author contributions
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(Gerrano et al., 2015). Its capacity in biological nitrogen fixation
ranges between 70 and 350 kg of nitrogen per hectare with its
impact projected to reach 77, 320 tons in 2020. Presently, Africa
accounts for 94.9 percent of the total worldwide cowpea
production (7.23 MT/annum) and harvested area of land
(12.59M ha), with more than 36 percent of the total production
accounted for by Nigeria (at 2.61 MT/annum) as the largest
word’s producer (FAOSTAT, 2020). In spite of this, grain yield
of cowpea in Nigeria has been seriously compromised by
inappropriate cultural practices, abiotic and biotic factors (Ajayi
and Gbadamosi, 2020) making its productivity grossly
inadequate to cater for the protein needs of the ever-increasing
population of the country.

2718-062X © 2022 This is an open access article published by Dergipark under the CC BY license.
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According to the United Nations (UN), the current world
population explosion is predicted to be increased from Africa;
with an expected addition of 1.2 billion people of the projected
1.9 billion increase between 2020 and 2050. Also, the Nigerian
population is expected to surpass that of the United States during
the same period (UN, 2019) demanding an accelerated food
production to meet the Nigerian growing population. In the same
vein, climate change is expected to aggravate rising temperature
and free CO,, disorganize rainfall patterns and soil salinity
thereby, making occurrence of drought highly unpredictable;
when combined with population growth, their impacts on food
and nutritional security would be devastating (Gomes et al.,
2019; Ajayi et al., 2020). Therefore, in line with the present
reality, there is need for quick and sustainable increase in
domestic cowpea production in Nigeria. However, the biggest
challenge associated with the improvement of yield is the
complexity of the trait, in that it is polygenic in nature with
strong environmental influences.

Cowpea genotypes have been found to exhibit significantly
inconsistent performances across different environments (Ajayi
and Gbadamosi, 2020), which is regarded as genotype-by-
environment interaction (GEI / G x E). Before the release of
novel genotypes or varieties, their GEI must be evaluated to
pinpoint individuals that show both superior performances (in
terms of mean yield) coupled with extraordinary stability across
multiple environment trials (MET) (Agahi et al., 2020; Pour-
Aboughadareh et al., 2022).

Innumerable multivariate techniques have previously been
employed to assess the existence of yield stability and G x E in
crop species (Bocianowski and Prazak, 2022; Pour-
Aboughadareh et al., 2022). Among them, the Finlay and
Wilkinson analysis (FW), Additive Main Effects and
Multiplicative Interaction (AMMI) model and Genotype and
Genotype X Environment (GGE) Biplot analysis are the most
commonly used ones in plant breeding research, recently. These
three analyses have been proven to be highly effective,
sophisticated and efficient (Olayiwola et al., 2015). FW relies on
the regression of the performance of each genotype on
environmental means in two-step procedure; step one computes
environmental sample means, while the second step deals with
the estimation of intercepts and slopes of each line, by regressing
within line the performance of each line on estimated
environmental means (Olayiwola et al., 2015; Lian and Campos,
2016).

AMMI pools Principal Component Analysis (PCA) and
Analysis of Variance (ANOVA) for effective interpretation of
GEI (Aremu et al., 2020) whereas the GGE analysis uses the
Sites Regression (SREG) model with emphasis on the
importance of genotype main effects and effects of GEI. While
both AMMI and GGE combine G and GE in mega environment
study and assessment, the GGE superiority over AMMI lies in
the fact that it elucidates more of the G+GE plus possession of
inner product property of the biplot, and has higher discerning
and representative power which is effective for test environment
evaluation (Yan et al., 2007; Neisse et al., 2018; Maniruzzaman
et al., 2019; Kebede and Bekeko, 2020). To improve and sustain
yield, it is imperative to identify cowpea genotypes suitable for
specific regions in Nigeria because of its diverse agro-ecological
zones.

The goal of this study was therefore to evaluate, through
FW, GGE and AMMI analysis, sixteen cowpea genotypes over
six years in Akungba-Akoko, to identify stable high-yielding
genotypes that are appropriate for cultivation in tropical regions.
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2. Materials and methods
2.1. Collection procedure of materials

The 16 selected cowpea genotypes came from a germplasm
of 25 genotypes collected from the International Institute of
Tropical Agriculture (I1'TA), Nigeria. The selection was based
on their consistency in both germination rate and vigorous
growth pattern at the same field across 6 years survey spanning
2014 through 2019 at Adekunle Ajasin University, Plant
Breeding Unit Experimental Field, Department of Plant Science
and Biotechnology. The Latitude, Longitude and Altitude of the
site lie between 7.2° N, 5.44' E and 423 m above the sea level,
respectively. The planting season of 2014 fell between March
and June, while that of 2015 through 2019 fell between May and
October; all of which fell within the raining seasons.

The site of the study is characterized with tropical climate
located within the southwestern Nigeria. It has variable rainy
and dry seasons, with rainy season lasting from March to
November accompanied by an August break which is an
interruption of rains leading to a short dry season. The region
has a mean annual rainfall ranging between 800 mm and 1, 500
mm with about 85% of the rains falling from June to September.
The average air temperature of the location is 24.7°C, and the
type of soil is sandy loam ultisol (Salami and Sangoyomi, 2013;
Oladele et al., 2019; Akinde et al., 2020). Besides, the initial
physico-chemical properties of the experimental site were done
in 2014 according to procedures cited in Oladele et al. (2019;
2022). The soil initial pH was 6.50, total organic matter (TOM)
of 2.60, total nitrogen, TN (%) of 0.70, available phosphorus,
(P) of 2.20 cmol kg, cation exchange capacity (CEC) of 11.74
cmol kg, and texture class of sandy loam.

The selected genotypes, their origins, biological status and
identification codes are provided in Table 1. In each year, plant
materials were sown in randomized complete block design
(RCBD) with three replications.

Table 1

List of cowpea genotypes used in GXE analysis with their origin.
SIN Genotype ID Biological Status Origin Code
1 TVu-7362 Landrace Ghana Gl
2 TVu-199 Breeding material USA G2
& TVu-207 Breeding material USA G3
4 TVu-224 Breeding material USA G4
5 TVu-235 Breeding material Ghana G5
6 TVu-236 Breeding material Ghana G6
7 Tvu-239 Breeding material South Africa G7
8 TVu-241 Breeding material USA G8
9 1T98K-205-8 Unknown Nigeria G9
10 IT98K-555-1 Unknown Nigeria G10
11 TVu-4886 Landrace Niger G11
12 TVu-4866 Landrace Niger G12
13 TVu-9225 Landrace Tanzania G13
14 TVu-9256 Landrace Burkina Faso G14
15 TVu-9252 Landrace Burkina Faso G15
16 TVu-11979 Landrace Sudan G16

Two rows within plots were utilized; spacing within and
between rows were 30 cm and 50 cm, respectively. Each plot
was 5 m x 1 min dimension. Each plot was separated from the
other by 1 m, while each replicate was separated from the other
by 2 m. No fertilizer application was performed during the
seasons in order to access the natural genetic potentials of the
genotypes. Hand weeding of the field was done when required.
During the flowering and podding phases, 10% EC
Cypermethrin was applied to control insect pest. Determination
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of the yield (in grams) for data analyses was performed on a
plant basis in each season.

2.2. Data analysis

ANOVA was adopted for determining the effect of
genotype, environments, and their interaction across the years
using the version 20 of the SPSS Program (SPSS, 2017).
Significant differences of the means were performed at P < 0.05
level of probability by DMRT. The AMMI and GGE analyses
were performed by using the version 1.4 of the Plant Breeding
Tools (PBTools, 2014).

The AMMI model was determined in line with Agahi et al.
(2020) as:

Yoe = u+ag+Be+ 2440 8gnben + pge ;

Where, Yg = mean yield of genotype g in environment e; u
= grand mean; oy = genotype deviation from the grand mean; e
= environmental deviation; 1, = the singular value for principal
component (PC) n; dgn = eigenvector value for genotype g and
component n; den = eigenvector value for environment e and
component n; pge = residual.

The GGE biplot was determined in line with Das et al.
(2019) as:

Yij:.“ + €; + Zﬁ—l lnyinajn + €ij;

Where, Yij = mean response of ith genotype in the jth
environment; u = grand mean; e = environment deviations from
the grand mean; 4, = the eigen value of PC analysis axis; din and
djn = genotype and environment PCs scores for axis n; N =
number of PCs retained in the model; €j; = residual effect.

3. Results and discussion

The focus of plant breeding programs is principally on
yield as it relates to stability and adaptability of genotypes.
Ability of a genotype to utilize the environmental stimuli and
show a highly predictable behavior is referred to as stability
(Almeida et al.,, 2012). ANOVA revealed noteworthy
differences amongst the 16 genotypes (15.33%) of cowpea for
seed yield. Highly significant environment (14.71%), replication
(0.05%) and genotype x environment (64.34%) effects were
observed (Table 2).

Table 2

Analysis of variance and degree of freedom (DF) for seed yield (g plant
1) measured among 16 cowpea genotypes evaluated in Akungba-
Akoko, Nigeria across 6 seasons (2014-2019).

Source of Variation DF SS MS %TSS
Environment (E) 5 32124.35 6424.87** 14.71
Genotype (G) 15 33461.55 2230.77** 15.33
Replicate 2 114.56 57.28** 0.05
GxE 75 140467.42 1871.57** 64.34
Residual 190 12149.23 63.94 5.56
Total 287 218317.11 10648.43

In literature, large magnitude of G X E interactions have
been observed in cowpea (Olayiwola et al., 2015; Tariku et al.,
2018; Horn et al., 2018; Odeseye et al., 2018; Sousa et al., 2018;
Owusu et al., 2020) and other crop species (Baraki et al., 2020;
Vermaetal., 2020). The variations among the present genotypes
may be due to genotype and environment factors because in
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most cases, different genotypes won in different environments.
This level of variation indicates the importance of multi-
environment evaluation of genotypes since the aim is to pinpoint
genotypes possessing predictable characters across diverse
environments to guide against errors afflicting recommendation
of genotypes (Almeida et al., 2012; Aremu et al., 2020). The
level of diversity displayed among the genotypes in the present
study would be useful for selection of parents for breeding
programs and also for exploiting heterosis in the development of
hybrids (Gerrano et al., 2020).

Yield for the genotypes studied across the six (6)
environments are shown in Table 3. G14 won in E1 (134.97 g),
G16 won in E2 (54.09 g) with G2 producing no seeds (0.00 g),
G6 won in E3 (98.67 g), G3 consistently won in E4 (57.56 g)
and E6 (63.88 @), whereas the performance of G15 was
consistently the poorest in five of the six environments (E1, E2,
E4, E5 and E6). The poor performance of G15 in terms of yield
was due to the fact that it was unable to flower in most of the
environments included in the study, which indicated low
adaptability of the genotype to these environments (Oliveira et
al., 2020). The overall best across the six environments was G10
(49.05 g), followed by G16 (45.08 g), while G14 fell in the third
position with mean yield of 43.85 g per plant. The best
environment for the genotypes was E1 with pooled mean yield
of 47.75 g per plant, followed by E3 (44.23 g), and E6 (32.84 g)
taking the third position. According to Aremu et al. (2020),
differences in weather across years (environments) cause
differential responses of genotypes indicating the presence of G
x E, hence justifying the adoption of stability, AMMI and GGE
for further analysis of the performance of the crop as also opined
by others (Olayiwola et al., 2015; Das et al., 2019).

FW utilizes regression coefficient as a measure of stability,
and it states that regression coefficients approaching 1.0 is an
indication of average stability and in turn must be linked and
inferred with the mean of genotype yield to confirm adaptability
(Lian and de lo Campos, 2016; Osekita, 2019). From the present
FW stability analysis and ranking of seed yield across test
environments (Table 4), nine out of the sixteen genotypes
showed average stability with high mean yield. Genotypes 10,
16, 13 and 8 which had very high mean yield were found
unstable due to the low slope of regression. The first two
genotypes with the highest mean yield (G10 and G16), were
unstable whereas, from the rear genotypes 12 and 2 with very
low mean yields were stable judging from the slope of regression
in Table 4. At the same time, selecting on the basis of stability
and average yield identified the following genotypes; 2, 3, 4, 5,
6, 7,9, 12 and 14 as the best stable genotypes out of the sixteen
genotypes evaluated across the test environments. These
findings indicate that genotypes identified as the most stable by
FW may not necessarily be the most productive as established
in the present study (Padi, 2007; Almeida et al., 2012).

AMMI and GGE concepts are useful methodologies in
genotype evaluation. AMMI combines ANOVA and PCA into a
unified approach (Agahi et al., 2020; Verma et al., 2020), while
GGE visually analyzes the results of site regression analysis for
multi-environment trial data (Osekita, 2019; Tena et al., 2019).
Comparison of the two analytical techniques is presented in
Table 5. IPCs 1 to 3 jointly accounted for 94.7% of the entire
variation among the genotypes in AMMI analysis, whereas in
GGE analysis, same IPCs (1 to 3) jointly accounted for 94.1%
of the entire variation. These are higher than the contributions of
three PCs reported by Tariku et al. (2018) among sixteen
accessions of cowpea, but similar to the findings of Baraki et al.
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Table 3
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Mean yield (g plant?) of 16 cowpea genotypes evaluated in Akungba-Akoko, Nigeria across 6 seasons (2014-2019).

Genotype E1(2014) E2 (2015) E3 (2016) E4 (2017) E5 (2018) E6 (2019) Genotype Mean
Gl 12.59% 27.07%% 30.11° 23.667 21.57%4 28.47° 23.91%
G2 12.04% 50.83¢% 0.00° 28.94" 35.20¢ 14.33° 23.56°
G3 15.75% 34,38 38.34% 57.56' 44,330 63.88° 42.38f
G4 16.12% 27.71%¢ 84.13 18.81d° 20.1% 46.35° 35.54°
G5 14.50% 27.40% 69.01¢f 25.27% 53.39 27.45° 36.16°
G6 22.71° 28.43% 98.67° 15.45% 33.37% 53.48°f 42.02f
G7 8.39% 28.19%¢ 57.65% 20.74° 40,57 30.21° 30.96%
G8 10.24 32.780* 51.81% 19.55¢ 28.8% 31.78° 29.16%
G9 98.43¢ 15.49%° 31.74b 12,920 22,170 31.89° 35.44¢
G10 98.45¢ 52.91¢ 35.06™ 18.26% 33.53%f 56.07° 49.059
G11 50.81° 34.68% 40,57 11.29° 0.448 1.26° 23.18°
G12 37.39° 8.315% 43,850 12.65% 0528 18.92° 20.27°
G13 123.99° 16.23%¢ 30.51° 8.93% 3.27° 19.95 33.81%
G14 134.97¢ 31,62 31.37° 9.09% 3.05° 53.04%f 43.85%
G15 0.00° 0.00? 33.84b 5.46° 0.00° 0.00° 6.55°
G16 107.68° 54.09¢ 31.09° 17.13% 12.23% 48.25% 45.08%
Env. Mean 47.75 29.38 44.23 19.11 22.03 32.84 32.56
Table 4 (Aremu et al., 2020).

Finlay-Wilkinson stability analysis and ranking for seed yield (g plant
1) of 16 cowpea genotypes evaluated in Akungba-Akoko, Nigeria
across 6 seasons (2014-2019).

Standard Mean Yield Stable
Code Slope Error Yield Rank Genotype
Gl -0.12 0.27 23.91 5
G2 212 0.88 23.56 4 +
G3 1.73 0.84 42.38 13 +
G4 1.46 0.58 35.54 10 +
G5 1.32 0.32 36.16 11 +
G6 3.05 121 42.02 12 +
G7 3.25 1.29 30.96 7 +
G8 0.48 0.53 29.16 6
G9 0.21 1.02 35.44 9 it
G10 Sl 0.57 49.05 16
G11 -0.96 0.57 23.18 3
G12 1.03 1.01 20.27 2 +
G13 0.07 0.89 33.81 8
G14 1.29 1.15 43.85 14 +
G15 0.02 0.02 6.55 1
G16 0.15 0.15 45.08 15

Note: + stable genotypes across environments

(2020) among six genotypes of mung bean. At the fifth PC,
AMMI analysis accounted for 100% of the total variation, while
100% variation was accounted for at PC6 in GGE analysis
indicating that wide differences was quickly achieved in AMMI
compared to GGE analysis among genotypes tested in various
test environments. The complete AMMI model showed the
presence of significance of the G x E interactions partitioned
among the five IPCAs (100%) without residuals in line with
Osekita et al. (2019), and the six IPCAs for the GGE analysis.
However, only the IPCA1l was significant among cowpea
genotypes evaluated in South Africa (Gerrano et al., 2020) due
to GEI. The observed interaction captured in a diatonic sequence
among the IPCAs has been reported among many workers

Fig. 1 presents the AMMI biplot of the first PC for yield
stability among sixteen genotypes evaluated in six
environments. The biplot is often used to investigate the
response pattern of G, E, and their interaction (GEI) (Verma et
al., 2020) utilizing means’ main effect versus the first interaction
principal component axis (IPCA1) (Yan et al., 2007). It is also
used to discover genotypes for seed yield that have broad and
particular adaptation to target conditions. By graphically
combining genotypes and environments on a graph, the link
between genotypes and environments became clearer. In the
case of seed yield, displacement along the horizontal axis
revealed variations in the main effect, but displacement along
the vertical axis revealed differences in the first PCA.
Furthermore, the biplot accounted for 90.2% of the treatment
sum of squares, whereas the residual accounted for 9.8%. This
indicates sufficient variability as 70% is the minimal amount of
variability required for the AMMI to be reasonably trustworthy
(Neisse et al., 2018). In addition, Tariku et al. (2018) suggested
that the first three multiplicative component axes are adequate
for the authentication of variation explained by GEI. This value
is higher than the values reported by many workers, especially
in cowpea (Tariku et al., 2018) and sugarcane (Tenaet al., 2019).
G11 and G12 were considered the most stable genotypes, with
suitable adaptation to test environments (Fig. 2) and being the
genotypes closest to zero. Since AMMI positioned them on the
right-hand side of the biplot, genotypes G9, G10, G13, G14, and
G16 were significantly greater yielding (Fig. 1). Likewise, in
terms of both major effects and interaction, the environments
were heterogeneous. Nonetheless, E2, E3, E4, E5 and E6
exhibited consistency in their responses to genotypes, and while
E1 was significantly different from other environments, it was
shown that E2 and E6 had relatively similar mean yield.

Table 5
AMMI and GGE analyses for seed yield (g plant) of 16 cowpea genotypes evaluated in Akungba-Akoko, Nigeria across 6 seasons (2014-2019).
AMMI Analysis GGE Analysis
Source DF - Acum - Acum
Variance (%0) Variance (%) SS MS Variance (%) Variance (%) SS MS

IPC1 19 74.30 74.30 104238.35 5486.23** 63.20 63.20 109840.89 5781.09**
IPC2 17 15.90 90.20 22327.29 1313.37** 18.30 81.50 31776.18 1869.18**
IPC3 15 450 94.70 6326.71 421.78** 12.60 94.10 21902.75 1460.18**
IPC4 13 3.10 97.80 4403.80 338.75** 2.90 97.00 5053.56 388.74**
IPC5 11 2.20 100.00 3071.27 279.21** 2.40 99.40 4120.47 374.59%*
IPC6 9 0.00 100.00 0.00 0.00™ 0.70 100.00 1135.12 126.12**

**: Highly significant; ns: Not significant.
DF: Degree of freedom; SS: Sum of squares; MS: Mean squares
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Fig. 1. AMMI Biplot showing yield (g plant™) stability on axis 1 of the
Principal Component for 16 cowpea genotypes evaluated in Akungba-
Akoko, Nigeria across 6 seasons (2014-2019).

Fig. 4. Environment-vector view of the GGE biplot to show similarity
among test environments in discriminating the 16 cowpea genotypes.
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Fig. 2. Adaptation map showing stability of genotype interaction with
the first Principal Component for seed yield (g plant) of 16 cowpea
genotypes evaluated in Akungba-Akoko, Nigeria across 6 seasons
(2014-2019).

Fig. 5. The discrimination and representativeness view of the GGE
biplot to rank test genotypes relative to an ideal test environment
(season).
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Fig. 3. AMMI Biplot for Axis 1 and 2 of the Principal Component for

seed yield (g plant™®) of 16 cowpea genotypes evaluated in Akungba-
Akoko, Nigeria across 6 seasons (2014-2019).

Fig. 6. The Genotype-vector view of the GGE biplot showing the
performance of 16 cowpea genotypes in test environments (6 seasons).
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Fig. 7. Ranking of 16 cowpea genotypes based on mean yield (g plant’
1) and stability relative to an ideal genotype.
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Fig. 8. Polygon view of the GGE biplot based on symmetrical scaling
for the which-won-where pattern for genotypes and environments
(seasons).

Fig. 3 illustrates AMMI biplot for cowpea seed yield
indicating the pattern of reflection of the six environments from
the biplot origin. Six rays originated from the biplot origin to
show the extent of variation across the test environments. E1 had
the longest ray and make an obtuse angle with the biplot origin.
E2, E4 and E5 were on the same quadrant with almost equal rays
making an acute angle with the biplot origin in the anti-
clockwise direction. E6 had the shortest ray from the biplot
origin. All the six environments make an obtuse angle with E1
in reference to the biplot origin which is an indication that
differences exist between the test environment and the
genotypes. G11 that falls within the circle towards the biplot
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origin was considered the most stable genotype across the
environment; whereas, G9, G10, G13, G14, and G16 did not
differ in terms of yield, because AMMI model retained them on
the right-hand side of the biplot. The present observation
indicates the appropriateness of AMMI in agricultural analyses
for the effective separation of G and E from GE interaction
(Neisse et al., 2018). These are comparable to the outcomes of
Aremu et al. (2020) in African yam bean.

Fig. 4 shows the environment-vector perception of the
GGE biplot; it is predicated on an environment-centered
(centering = 2) G by E table with no scaling (i.e. zero), is
environment-metric preserving (SVP=2), and its axes are scaled
(Yan et al., 2007; Neisse et al., 2018). This biplot described
81.5% of the overall variation in the environment-centered G x
E (PC1 = 63.2 percent, PC2 = 18.3 percent). This is similar to
the value reported by Gerrano et al. (2020) in cowpea genotypes.
Vectors are the lines that connect the test environments to the
biplot origin. The cosine of angle between two vectors
approximates the correlation between them (Yan and Tinker,
2006; Maniruzzaman et al., 2019; Baraki et al., 2020). In this
figure, E1, E2 and E6 are positively correlated (acute angle).
Similarly, E3, E4 and E5 are positively correlated. The gap
between adjacent environments indicates their disparity in
respect of genotype classification. As a result, the consistency
(covariance) of two environments is dictated by the length of
respective vectors as well as the cosine of the angle between
them. The biplot's concentric circles aid in visualizing the extent
of the environment vectors, which is equal to the standard
deviation inside the distinct environments and is a gauge of
discriminating power (Yan and Tinker, 2006; Neisse et al.,
2018). Hence, E1, E5 and E6 were the most discriminating
whereas E2 and E3 the least discriminating (non-informative).
Test environments found continuously non-discriminatory yield
minimal information on genotypes and should thus not be used
as test environments.

Fig. 5 shows the discriminatory plus representativeness
perspective of the GGE biplot to classify test environments
compared to an ideal test environment. The optimum test
environment inside a single mega environment should be the
most discriminating (informative) as well as the most reflective
of the target environment (Yan and Tinker, 2006; Tariku et al.,
2018; Tena et al., 2019; Gerrano et al., 2020). As a result, the
center of the concentric circles in this figure represents an “ideal
test environment”. It is a positive point on the Average
Environment Axis (AEA) (most informative) (Sharma et al.,
2016; Maniruzzaman et al., 2019; Baraki et al., 2020); E2 in
addition to E6 with the smallest angle to AEA are the most
representative. However, E1 with longer vector length is
considered as the unsurpassed environment for choosing far and
wide adapted genotypes, whereas ES5 is a little bit farther and
may not be adequate for choosing genotype adapted to the test
environment although extra years may be necessary to ratify that
an exact test environment is “ideal”. This is corroborated by the
reports of Yan et al. (2007). Because E6 is both discriminating
and representative, it can be an excellent test environment for
choosing genotypes with broad adaptation, however E2 (most
representative and least discriminative) is less useful with no
appreciable information as suggested by Yan and Tinker (2006).
Fig. 6 portraits the genotype-vector view of the GGE biplot
depicting genotype performance in test environments. The
genotype and environment vectors are both drawn here in order
to visualize the specific interactions between a genotype and an
environment. A genotype's productivity in an environment is
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better than average if the angle between its vector and the vector
of the environment is less than 90°, worse than average if the
angle is greater than90°, and near average if the angle is
approximately 90° (Baraki et al., 2020). Based on the above,
genotypes G9, G10, G11, G13, G14 and G16 were greater than
average in E1 forming acute angles, whereas, other genotypes
were below average indicating that they made obtuse angles
with E1 which is the ideal environment. Fayeun et al. (2016) and
Osekita et al. (2019) obtained similar results.

Fig. 7 displays the classification of genotypes founded on
mean Yyield and stability comparative to an ideal genotype.
Properties of an ideal genotype are high mean productivity and
stability across environments (Maniruzzaman et al., 2019). This
figure defines an ideal genotype as a positive point on the AEA
with a vector length equal to the longest vectors of the genotypes
along AEA positive side (highest mean performance).
Consequently, genotypes positioned closer to the ‘ideal
genotype’ are superior to others (Yan et al., 2007; Tena et al.,
2019; Gerrano et al., 2020). Thus, G14 was superior to G10,
despite the fact that G10 had higher average yield showing that
it had high yield and stability. Other genotypes next to G14 with
high stability and yield that could be selected for breeding
programs include G16, G9 and G13. G15 was the poorest
genotype for the reason that it was consistent the lowest in terms
of average yield. This figure also depicts the concept of stability;
the term “high stability” is only relevant when combined with
“average performance”. G15 was highly unstable and poor
yielding whereas others were unstable and low yielding except
G2, G7, and G12 which had yield below average and highly
stable. Similar results were obtained by Yan and Kang (2003),
Tena et al. (2019) and Gerrano et al. (2020).

Fig. 8 displays a polygon view of the which-won-where
trend of cowpea genotypes tested in six environments. The GGE
biplot's polygon view reveals which genotype achieved the best
performance in which environment (Yan and Tinker, 2006;
Horn et al., 2018; Das et al., 2019; Maniruzzaman et al., 2019;
Tena et al., 2019; Baraki et al., 2020; De Melo et al., 2020). A
polygon is constructed on genotypes farthest from the biplot
origin so that all other genotypes are confined inside the
polygon, and then perpendicular lines are drawn beginning from
the biplot origin on each side of the polygon (Yan et al., 2007).
In this figure a pentagon was drawn with genotypes G13, G14,
G10, G6 and G15 at the vertex of the pentagon. Perpendicular
lines drawn from the biplot's origin divide the pentagon into
three sectors. The equality between G13 and G14 indicates that
G13 and G14 were better in all the environments, it is also noted
that G9 falls within the line that connects G13 and G14, also G16
falls within the line which connects G14 and G10, by ranking it
means that G13>G9>G14>G16>G10 through the environments.
The equality lines that partition the biplot into sectors, with the
winning genotype located on the respective vertex, which are
G13, G14, G10, G6 and G15. The following genotypes; G9,
G10, G13, G14 and G16 fell into sector 1 and perform best in
environments E1 and E2, while G3, G4, G5, G6, G7 and G8 fell
into sector 2 having environments E3, E4, E5 and E6 in
common, G1, G2, G11, G12 and G15 fell into the third sector.
G15 located on the vertex of the polygon without any
corresponding environment is considered as low vyielder as
reported by Baraki et al. (2020), hence cannot be recommended
for breeding programs as described by Gerrano et al. (2020).

Fig. 9 indicates the outlook of the genotypes in response to
the sixteen cowpea genotypes. The performance of the
genotypes varied widely in environment 1. The extent of
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variation in environment 4 is convergent except for G3 that
separated widely. In other environments the dispersibility of the
genotypes followed a unique pattern and better response of the
cowpea genotypes in terms of mean yield.

Response Plot of SDYPL

SDYPL

Fig. 9. Environment (season) response view of the GGE Biplot among
the 16 cowpea genotypes.

Fig. 10 displays the environment view based on the cowpea
genotypes, environment 4 and 6 were consistently the poorest
for evaluation of the sixteen cowpea genotypes according to the
graphical representation of the environment view, while others
show diversity in performance in the remaining four
environments. Similar results were reported by Osekita (2018).

Respeonse Plot of SDYPL

VA

NN

SDYPL

GEN

Fig. 10. Genotype response view of the GGE Biplot across test

environments (seasons).

The outcomes of the current study indicate that the existing
genotypes of cowpea in Nigeria and other tropical countries of
the world have high stability and yield potential that could be
exploited in breeding programs of the crop. For instance, G14
and G9 which were the most stable genotypes were respectively,
from Burkina Faso and Nigeria in West Africa, these genotypes
outperformed others which are all of tropical origins. Adoption
of these genotypes in tropical countries of the world will
contribute positively to the productivity of cowpea in those
regions. Regions of the world where the present information
could be useful include Central America, Mexico, the Caribbean
islands, all of Africa excluding Tunisia, Lesotho and Swaziland.
Others include part of Middle East, part of India and all countries
in the South East Asia. Countries situated within the tropic are
known as Tropical countries (Morgan, 2011).

4. Conclusion
In the present evaluation, seed yield was highly influenced

by genotype effect, environment, and GEI. All analyses were
able to pinpoint high yielding and stable genotypes in Akungba-
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Akoko environment; and these included G14 and G9 as the
consistent high yielding stable genotypes adopted by FW, GGE
and AMMI. G14, G3, G4, G5, G6 and G9 were high yielding
and stable according to FW; AMMI showed G10, G9, G16, G14
and G13 as high yielding and stable, while GGE showed G14,
G16, G9 and G13 as high vyielding and stable. However,
consistencies of G14 and G9 with the three methods make them
the candidates of choice for Akungba-Akoko environment, other
parts of south west Nigeria, and are hence recommended for
cultivation.

These genotypes may also exhibit similar stability and
yield performances in other tropical regions of similar
characteristics in Africa, Asia, America, and hence could be
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Abstract

Dichodon (Bartl. ex Rchb.) Rchb. is a small genus and was formerly included in Cerastium. However, the first specimens of
this genus were introduced to the literature as Stellaria. Dichodon, taxonomically, remains in between Cerastium and Stellaria
genera. Although there are 16 identified species worldwide, the status of some of them is doubtful. There are three species identified
so far in Turkey. In this study, the taxonomic status of the species belonging to the genus Dichodon is discussed. A species previously
mentioned as a synonym has been validated. The distribution of all species in Turkey is shown on the maps and scientific Turkish
names are suggested for the species. In addition, a new identification key was proposed for the first time and herbarium photographs

of the species were added to the study.

Keywords: Cerastium; Dichodon; distribution; key; new combination; Turkey

1. Introduction

The Genus Dichodon was first published by Reichenbach
(1841a). D. anomalum and D. cerastoides was reported again by
Reichenbach (1841b).

After this genus was published, it was generally accepted
by most floras as a subgenus of the genus Cerastium (Cullen,
1967). Later, Ikonnikov (1973, 1976) was the first author to
accept Dichodon as separate genus from Cerastium basically
based on the number of stylus.

There are 16 species which are mostly treated as synonyms
of Cerastium reported under the generic name Dichodon
according to The Plant List database (2013).

Finally, a published study stated that the genus Dichodon
includes five species without specific name (Hernandez-
Ledesma et al., 2015).

Species delimitation in Dichodon is uncertain and requires
more detailed investigation to address the taxonomic problems
(Arabi et al., 2018).

The biggest reason for this uncertainty in the genus
Dichodon can be explained by its similarity to the genus
Cerastium and Stellaria. In addition, low number of species and
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limited distribution is another factor. Finally, the lack of current
studies focusing on the distinction between the genera stands out
as another problem. There is a need for monographic work
around the world.

2. Materials and methods

The investigated specimens were obtained during both
field studies and herbarium works.

Herbarium specimens from various herbaria such as E,
ANK, GAZI,HUB, EGE, ISTE, ISTF, ISTO, VANF, HARRAN
and KNYA were also used for detailed morphological studies.
Measurable morphological features of each species were noted
in detail and photographs of the specimens were taken.

The maps presented in the article have been prepared in the
light of the data obtained during the herbarium studies and the
samples collected by the author during his field trips.

3. Results

3.1. Dichodon (Bart. ex Reich.) Reichenbach, Deut. Bot.
Herb.-Buch 205 (1841). ii¢cboynuz (proposal).

2718-062X © 2022 This is an open access article published by Dergipark under the CC BY license.
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Syn.: Cerastium subg. Dichodon (Bartling ex Reichenbach
785 (1832). Cerastium sect. Dichodon (Bartling ex Reichenbach
785 (1832). Stellaria [unranked] Dichodon Bartl. ex Rchb., FI.
Germ. Excurs.: 785 (1832). Provancheria B.Boivin, Naturaliste
Canad. 93: 644 (1967).

Lectotype: Dichodon viscidus (M.Bieb.) Holub.

Annuals, biennials, or perennials herbs. Stems glabrous or
glandular hairy at upper parts of stem; strict, ascending, or
prostrate. Leaves somewhat fresh, linear-lanceolate or spatulate.
Bracts herbaceous. Inflorescences a few flowered. Pedicels strict
or recurved at fruiting time. Sepals ovoid to lanceolate, usually
membranous at edges on inner parts; entire to narrowly
membranous on outers parts. Petals 5 pieces, white, sub entire to
deeply cutting. Styles 3. Stamens (5-) 10. Capsules oblong to
cylindrical; opening 6 teeth; teeth strict, sub recurved to
circinate. Seeds more with tuberculate.

3.2. Identification key for Turkish Dichodon species

1. Perennials; stems prostrate with non-flowered branches,
caespitose
1. Annuals; stems strict, only a few branch

cerastoides

2. Stems densely glandular-viscid; alar pedicels 12-45
mm; petal 2-times longer than sepal
viscidus

2. Stems only inflorescence area glandular; alar
pedicels 8-12 mm:; petal slightly longer than sepal
kotschyi

3.3. Dichodon cerastoides (L.) Rchb., Icon. FI. Germ. Helv. 5:
f. 4915 (1841).

Perennials. Stems 5-25 cm, shallow striate, caespitose:
glabrous to hairy sometimes glandular-viscid. Leaves 7-25 x
1.5-3 mm, linear to lanceolate, glabrous to hairy at upper.
Inflorescence 3-7 flowered rarely 1-flowered. Bracts ovoid to
lanceolate. Pedicel 10-25 mm, usually glandular, sometimes
shortly hairy, or almost glabrous; recurved at fruiting times.
Sepal 4-7 mm, linear to lanceolate, one nerved, membranous at
edges; loosely hairy or almost glabrous. Petal 8-15 mm,
obovoid, deeply notched; longer than sepal or almost equal to
sepal; clav glabrous. Stamen 10; filaments glabrous. Styles 3.
Capsule 10-12 mm, cylindrical, opening with 6-teeth; teeth sub
recurved. Seeds cordate-globose with tuberculate.

a. Plants glabrous or loosely hairy with or without a few
glandular hairs
var. cerastoides
a. Plants glandular-viscid
var. argaeum

3.3.1. var. cerastoides / iichoynuz (proposal). Fig. 1 & 2

Syn. Alsine multicaulis E.H.L.Krause, Deutschl. Fl., ed. 2.
5: 68 (1901). Centunculus alpinus Scop., Fl. Carniol., ed. 2. 1:
321 (1771). Cerastium cerastoides (L.) Britton, Mem. Torrey
Bot. Club v. 152 (1894). Cerastium elegans Fisch. ex Ser.,
Prodr. 1: 400 (1824). C. lagascanum C.Vicioso, Anales Jard.
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Bot. Madrid 6(2): 27 (1946). C. lapponicum Crantz, Inst. Rei
Herb. 2: 402 (1766). C. nivale D.Don ex Nyman, Consp. FI. Eur.
1: 110 (1878). C. refractum All., FI. Pedem. ii. 117 (1785). C.
rupestre Fisch. ex Ser., Prodr. 1: 417 (1824). C. stellarioides
Hartm., Handb. Skand. Fl. 181 (1820). C. stellarioides
Hegetschw., Fl. Schweiz 434 (1838). C. trigynum Vill. var.
brachypetala Lange, Meddel. Grenland 3: 244 (1909). C.
trigynum  Vill., Prosp. Hist. Pl. Dauphiné 48 (1779).
Provancheria cerastioides (L.) B.Boivin, Naturaliste Canad.
xciii. 645 (1966). Stellaria cerastoides L., Sp. PI. 1: 422 (1753).
Herb. Linn.

Lectotype: No0.584/10 (LINN!

accessed:  12.09.2021>).

<http://linnean-online.org/6101/”
Flowering time: 5-9. month.

Fig. 1. General view of Dichodon cerastoides var. cerastoides.

Fig. 2. Distribution of Dichodon cerastoides var. cerastoides in Turkey.
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3.3.2. var. argaeum (Boiss. & Balansa) M. Keskin comb. nov.
/ rana iichoynuz (proposal). Fig. 3 & 4

Syn. Arenaria argaea (Boiss. & Balansa) Shinners, Sida 1:
50 (1962). Cerastium argaeum Boiss. & Balansa, Diagn. PI.
Orient. ser. 2, 6: 38 (1859). Dichodon argaeus (Boiss. &
Balansa) Ikonn., Novosti Sist. Vyss. Rast. (New Delhi) 10: 142
(1973).

Type: in

regione alpina superiori montis Argaei

Cappadocise alt. 3650 m, FI. Aug. cl. Balansa.
Flowering time: 2-8. Month 3

. ; PL Gp9y

3 ”;"ﬂﬂ ceraotyoides (2)Gridd

| Hopeton doh,

| et M. Varal KR g
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Fig. 3. General view of Dichodon cerastoides var. argaeum.

Fig. 4. Distribution of Dichodon cerastoides var. argaeum in Turkey.
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3.4. Dichodon viscidus (M.Bieb.) Holub, Folia Geobot.
Phytotax. 9(3): 273 (1974). / guddeli iichoynuzotu. (proposal).
Fig.5&6

Syn. Arenaria anomala (Waldst. & Kit. ex Willd.)
Shinners, Sida 1: 50 (1962). Cerastium anomalum Waldst. &
Kit. ex Willd., Sp. Pl. ed. 4: 2(1): 812 (1799). nom. illeg. C.
dubium (Bastard) O.Schwarz, Mitt. Thiiring. Bot. Ges. i. 98
(1949). C. mauritanicum Pomel, Nouv. Mat. FI. Atl. 206 (1874).
Dichodon anomalum (Willd.) Reichenb, Icon. FI. Germ. 5: 34
(1841). D. anomalus Rchb., Icon. FI. Germ. Helv. 5: 34 (1841).
nom. illeg. D dubium (Bastard) lkonn., Novosti Sist. Vyssh.
Rast. 10: 141 (1973). Holosteum dichotomum K.Koch, Linnaea
15(6): 708 (1842). Provancheria dubia (Bastard) B.Boivin,
Naturaliste Canad. xciii. 644 (1966). Stellaria anomala Rchb.,
FI. Germ. Excurs. 785 (1832). nom. illeg. S. dubia Bastard,
Suppl. Essai Fl. Maine-et-Loire 24 (1812). S. viscida M. Bieb.,
FI. Taur.-Caucas. 1: 342 (1808).

Lectotype: Dichodon dubium (Bastard) lkonn.
(=Dichodon viscidus (M.Bieb.) Holub) (Bas. Stellaria dubia
Bastard) by Ikonnikov: “Novosti Sistematiki Vysshikh Rastenii
10: 141 (1973)”.

Fig. 5. General view of Dichodon viscidus.



M. Keskin

Annuals. Stem 7-40 cm, strict or ascending, single or more
branched; short glandular with a few non glandular hairy. Basal
leaves 30-60 mm, spatulate-linear; stem leaves 10-30 x 1.5-10
mm, linear to lanceolate; glabrous at upper face, loosely hairy at
down face. Inflorescences loosely and 2-3 flowered. Bracts
herbaceous and glandular. Pedicels 12-45 mm, strict or
somewhat spreading, 3-4 times longer than sepal, rarely equal;
glandular. Sepals 3-6 mm, lanceolate, wide membranous at
edge, sparsely glandular or almost glabrous. Petals white, 2
times longer than calyx. Styles 3. Capsule 6-12 mm; teeth 6 with
strict. Seeds light brown with tuberculate.

Flowering time: 3-6. Month

Fig. 6. Distribution of Dichodon viscidus in Turkey.

3.5. Dichodon kotschyi (Boiss.) Ikonnikov, Novosti Sist. Vyssh.
Rast. 10: 142 (1973). / giidiik iicboynuzotu. (proposal). Fig. 7
&8

Syn. Arenaria kotschyi (Boiss.) Shinners, Sida 1: 50
(1962). Cerastium kotschyi Boiss., Fl. Orient. 1: 715 (1867). C.
schischkinii Grossh., Bot. Mater. Gerb. Bot. Inst. Komarova
Akad. Nauk S.S.S.R. 13: 9 (1950). C. viscidus var. kotschyi
(Boissier) Mouterde, Fl. Liban-Syriae 477 (1966). Dichodon
schischkinii (Grossh.) Ikonn., Novosti Sist. Vyssh. Rast. 10: 142
(1973).

Lectotype: Antilibanon (Syria): circa Zebdaine prope
Damascum, in madidis as fontes supra Bludan, alt. 5000°, 14
June 1855, Kotschy 128 [G 00546364!] by Ikonnikov: Novosti
Sistematiki Vysshikh Rastenii 10: 131.

Isolectotype:

-BM000595327!.
(https://plants.jstor.org/stable/history/10.5555/al.ap.specimen.b
m000595327) by Ikonnikov: Novosti Sistematiki Vysshikh
Rastenii 10: 131.

-MPU013768!.
(https://plants.jstor.org/stable/10.5555/al.ap.specimen.mpu0137
68) by Ikonnikov: Novosti Sistematiki Vysshikh Rastenii 10:
131.

-K000723534!.
(http://apps.kew.org/herbcat/getimage.do?imageBarcode=K00
0723534, as C. anomalum Schrank] by Ikonnikov: Novosti
Sistematiki Vysshikh Rastenii 10: 131.

Annuals. Stems 5-18 cm, thin, a few branched; glabrous or
only sparsely glandular on inflorescence area. Leaves 5-25x1.2
mm, glandular ciliate at edge; narrowly linear; median vein
prominent without secondary vein. Bracts 10 mm, like leaf,
glandular. Inflorescences sparsely flowered. Alar pedicel 8-12
mm, longer than sepal, ascending or spreading. Sepals 3-4 mm,
widely membranous at edges, shortly glandular. Petals 4-6 mm,
only retuse or indented; equal or slightly longer than sepal; clav
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glabrous. Filaments glabrous. Capsule 7-8 mm, longer than
sepal; teeth 6 with recurved or circinate. Seeds more, small, and
light brown.

Flowering time: 3-7. Month

Fig. 7. General view of Dichodon kotschyi.

Fig. 8. Distribution in Turkey of Dichodon kotschyi.

4. Discussion

In this study, the genus Dichodon, which was previously
examined in the genus Cerastium, was studied. This genus is
morphologically between the genus Cerastium and Stellaria,
and the differences between them are indicated in Table 1.

The detailed descriptions were given for the species
belonging to the genus Dichodon and an identification key was
prepared. Distribution maps of each species were prepared, and
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herbarium photographs were added to the study.

Table 1
The distinction between Cerastium and Dichodon.
Cerastium Dichodon
Style 4-)5 3
At most notched to
Petal middle, usually less deeply notched
Capsule teeth (8-) 10 6
tuberculate or .
Seed surface colliculate typical verrucate type

It was understood that D. viscidus is the most common
species in the genus Dichodon in Turkey. This species is often
known as Cerastium dubium (syn.: C. anomalum). However, the
first name of this species, Stellaria viscida, was ignored because
a false first specimen was studied for years. This mistake was
noticed and corrected by Holub (1974). Therefore, in this article,
Dichodon viscidus is used as the real name of the species.

The species D. cerastoides is a perennial, usually ground
cover, and grows in an ascending form. This species is more
likely to be distributed because it generally likes to grow at high
altitudes. While Dichodon argaeum (syn.: Cerastium argaeum)
was accepted as a synonym of D. cerastoides (syn.. C.
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cerastoides) in previous studies, in this study it was concluded
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Based on the samples examined, the distribution of this
species was expanded, and it was concluded that there was no
problem in the taxonomic status of the species.
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Abstract

The aim of the research is to analyze the diagnostic results of infected people with the COVID-19 in Bishkek. Therefore, in
this study, with the aim of epidemiologically analyzing the COVID-19 infection in the city, diagnostic PCR research was carried
out at the Center for Quarantine and Highly Dangerous Infections of the Ministry of Health of the Kyrgyz Republic in the Laboratory
of Virology and Rare Infections. During the period of operation from 01 May 2020 to 31 March 2021, 28,863 samples from
patients of the Sverdlovsky and Pervomaisky districts of Bishkek were examined by the real-time PCR. For laboratory diagnostics
of COVID-19, according to the recommendations of the WHO and Russian regulatory documents, obtained biomaterials from the
upper respiratory tract like swabs from the nasopharynx and oropharynx were used. Biological materials were collected from patients
with symptoms of upper respiratory tract infections and from patients who contacted with COVID-19 infected people applied to
Family Medicine Centers in Bishkek city for the purpose of preventive examination and treatment. The samples were identified by
real-time PCR, in accordance with the “biological safety” rules. From 28,863 samples 3,255 positive and 25,575 negative results
were found. In the study, the largest number of samples from patients with symptoms of COVID-19 infection was recorded in June,
and July, 2021, as 7,604, and 4,074, respectively. In June, 738 positive results were detected from 7,604 samples, while in July, 540
positive results were detected from 4,074 samples. This period is estimated to be the acute dynamic period of the epidemiological
situation in Bishkek (Pervomaisky and Sverdlovsky districts). The epidemiological situation was stable in August and September,
with the number of infected in August was 17 cases, and in September 2 cases. However, since September 2020, the number of
infected people with COVID-19 has been growing. Besides, the results of PCR diagnostics from 01% January to 31 March 2021
indicated that the epidemiological situation was assessed as “relatively stable”.

Keywords: Amplification; cDNA; COVID-19; RdRP; RT-PCR; SARS-CoV-2

1. Introduction

Humanity has been in eternal confrontation with the micro
world for all the time of existence. The struggle between human
and microbes is going on for centuries resulting in great losses
of human’s lives since ancient times (Kolodkina et al., 2020).
Throughout the history of society, mankind has faced a number
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of epidemics of infectious diseases as smallpox, plague, cholera,
swine flu, Ebola and many others (Razumenko, 2022).
SARS-CoV (Severe acute respiratory syndrome-related
coronavirus) is an -enveloped single-stranded (+) RNA virus
belonging to the subgenus Sarbecovirus of the genus
Betacoronavirus (Genc, 2020). The new virus was named
SARS-CoV-2 (Severe acute respiratory syndrome coronavirus

2718-062X © 2022 This is an open access article published by Dergipark under the CC BY license.
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2) coronavirus of the second type, causing severe acute
respiratory syndrome by the International Committee on the
Taxonomy of Viruses (WHO, 2020a).

In December 2019, for the first time, World Health
Organization (WHO) was informed about the appearance of a
severe acute illness in Wuhan (Hubei Province, China),
accompanied in some cases by the development of respiratory
distress syndrome. The disease caused by the new coronavirus
was named by WHO “COVID-19”, and the virus “SARS-CoV-
2” (Gu et al., 2016; Tokel, 2021). On 30" of January 2020 WHO
declared the outbreak of COVID-19 as a public health
emergency (WHO, 2020b). On 11st of March 2020, due to the
rapid and widespread infection, WHO declared the COVID-19
as a pandemic (WHO, 2020c).

Since March 2020, the first cases of COVID-19 infection
have been registered in Kyrgyzstan, and these cases were
identified using the real-time PCR technique (Ministry of Health
of the Kyrgyz Republic, 2020). A number of factors influenced
the numerous registered cases of infection such as the
organization of testing processes in the country, the potential
resource of the healthcare system, the accuracy of the test
systems used, the speed and quality of patient isolation and
quarantine measures.

The purpose of the research is to analyze the diagnostic
results of infected people with the COVID-19 and to assess the
dynamics of the epidemiological situation in the capital of
Kyrgyzstan, Bishkek (Sverdlovsky and Pervomaisky districts).

Biological materials were collected from patients with
symptoms of upper respiratory tract infections (fever, cough,
fatigue, shortness of breath, muscle pain, sore throat and
headache) and from patients who contacted with COVID-19
infected people applied to “Family Medicine Centers” in
Bishkek city for the purpose of preventive examination and
treatment. The samples were identified by real-time PCR, in
accordance with the “biological safety” rules.

2. Materials and methods

The real-time PCR method was used to analyze the results
of PCR diagnostics of COVID-19 infection, to research and
assess the dynamics of the epidemiological situation. It is
recognized as the standard reference for laboratory diagnosis of
SARS-CoV-2 coronavirus infection. The main advantages of the
system are; high sensitivity, specificity and the fact that the
reaction and analysis are carried out simultaneously in a closed
system, which minimizes the likelihood of obtaining false
positive results due to contamination with amplification
products. WHO recommends using the real-time PCR method
together with reverse transcription of viral Ribonucleic acid
(RNA) to confirm cases of COVID-19 infection (WHO, 2020d).

In this study, 28,863 samples from patients of the
Sverdlovsky and Pervomaisky districts of Bishkek city were
used as the source of material (Table 1).

In the process of PCR diagnostics of COVID-19,
“AmpliSens RIBO-PREP” diagnostic kit was used for RNA
extraction as recommended by the Central Research Institute of

Table 1
The total number of tested samples by months of 2020-2021.
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Epidemiology of Russia. Then, “REVERTA-L” kit (AmpliSens)
was used for obtaining cDNA to carry out the RT-PCR reaction.
The AmpliSens Cov-Bat-FL kit was used for amplification with
hybridization-fluorescence detection of amplification products
(Table 2).

Table 2
The analysis of the accumulation curves of fluorescent signals was
carried out on three channels.

Fluorophore Channel FAM Hex/Rox
cDNA target
sequences cDNA IC sample SARS-CoV-2
RdRP gene

Artificial nucleotide

Amplification area
sequence

(RNA-dependent RNA
polymerase)

The diagnostic sensitivity of the kit for detecting SARS-
CoV-2 coronavirus RNA is 100% (93-100), with a confidence
level of 95%, while the diagnostic specificity of the kit for
detecting SARS-CoV-2 coronavirus RNA is 100% (94-100),
with a confidence level of 95% (Amplisens, 2020).

3. Results

During the process of operation from 015 May 2020 to 31%
March 2021, 28,863 samples from patients of the Sverdlovsky
and Pervomaisky districts of Bishkek were examined by the
real-time PCR. From 28,863 samples, 3,255 patients were found
infected with SARS-CoV-2, and the remaining 25,575 were
negative (Table 3).

As obvious from the data in Table 1, the results of PCR
diagnostics carried out from 01 May to 31 December 2020
indicate that the largest number of samples from patients with
symptoms of COVID-19 infection was in June. There were 738
COVID-19 positive results out of 7604 tested samples (9.70%).
This period can be called an “acute period” of the dynamics of
the epidemiological situation in Bishkek. The change in the
epidemiological situation during this period is clearly illustrated
in Fig. 1.
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Fig. 1. Graph of the dynamics of the epidemiological situation in
Bishkek (Pervomaisky and Sverdlovsky districts) from 01 May 2020
to 315 December 2020 period.

The graph above (Fig. 1) shows that the epidemiological
situation stabilized in August and September, while the number
of those registered in the database with suspected contamination

Number of Samples for PCR Diagnostics by Months

Total Number

2020 Year 2021 Year of Samples
May June July August  September  October November December January February  March 28863
1392 7604 4074 1468 815 2237 3403 3341 1946 1585 998
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Table 3
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Dynamics of the epidemiological situation in Bishkek (Pervomaisky and Sverdlovsky districts) from 015t May 2020 to 31% March 2021 (monthly

determined dynamic on the base of the results of PCR diagnostics).

From the Total Number of Tested Samples

Total Number of

Months Identified Negative Results Identified Positive Results Questionable Results
Tested Samples : . 8
Quantity % Quantity % Quantity %
2020 Year
May 1,392 1,364 97.99 28 2.01 = =
June 7,604 6,835 89.89 738 9.70 31 0.41
July 4,074 3,530 86.65 540 13.25 4 0.1
August 1,468 1,451 98.84 17 1.16 = =
September 815 813 99.75 2 0.25 = =
October 2,237 1,958 87.53 279 12.47 = =
November 3,403 2,552 74.99 851 25.01 = =
December 3,341 2,895 86.65 445 13.32 1 0.03
2021 Year
January 1,946 1,785 91.73 161 8.27 = =
February 1,585 1,523 96.09 62 391 = =
March 998 866 88.78 132 13.22 - -

was 1,451 and 813, respectively. However, since October, the
number of people infected began to rise again. In November,
3,403 patients were registered out of which 851 (25.1%) were
infected, and the remaining 2,552 (74.9%) patients had negative
PCR results. The total number of applications in December was
3,341, with 445 (13.32%) positive and 2,895 (86.65%) negative
results.

2500 -

2000 —#—  Total number of tested

samples

1500
% Negative results

1000
Positive results

500

161

- 132

January February March

Fig. 2. Graph of the dynamics of the epidemiological situation in
Bishkek (Pervomaisky and Sverdlovsky districts) from 01t January
2021 to 31 March 2021 period.

The results of the PCR research carried out from 01%
January to 31t March 2021 compared with the results of the PCR
research conducted from 01 May to 31% December 2020. The
number of registered patients with general symptoms in
February was 1,585, including 62 (3.91%) infected cases of
COVID-19, while 1,523 (96.09%) results were negative (Fig. 2).
In March, 998 patients came with suspicion of infection of which
132 (13.22%) were positive and 866 (88.78%) were negative.
Thus, the dynamics of the epidemiological situation in the
Sverdlovsky and Pervomaisky districts of Bishkek at the
beginning of 2021 (January, February, March) can be assessed
as “relatively stable”.

4. Discussion

When the epidemiological situation of COVID-19
infection in Kyrgyzstan from March 2020 to 31% March 2021 is
assessed, the total number of patients infected with COVID-19
in Kyrgyzstan according to the Ministry of Health and Social
Development of the Kyrgyz Republic, were 88,809, and the

23

number of deaths were 1,499 (1,69%).

Analyzing the general statistics of the laboratory’s research
in two districts (Sverdlovsky and Pervomaisky) of Bishkek on
31% March 2021 showed that the number of detected positive
results are 3,255 cases. According to the Ministry of Health and
Social Development of the Kyrgyz Republic, the number of
positive results accounted as 4% from the total number of
detected cases throughout Kyrgyzstan (Ministry of Health of the
Kyrgyz Republic, 2021).

For the analysis of the dynamics of the epidemiological
situation by months in Pervomaisky and Sverdlovsky districts of
Bishkek for the period from 01t May to 31% December 2020, it
can be noted that the maximum number of positive PCR results
occurred in June and July as 738 and 540 cases, relatively. This
period can be called the “first wave” of the spread of COVID-
19 infection. From August to October, the epidemiological
situation with COVID-19 in the country was stabilized slightly.
But in the following months (November, December) of 2020,
the number of infections began to grow again due to various
factors. This testifies the “growth” of the dynamics of the
epidemiological situation in Kyrgyzstan.

Assessing the epidemiological situation for the period from
01% January to 31 March 2021, it can be concluded as
“relatively stable”, since the number of tested samples and
detected positive results during this period is significantly lower
than the same indicators for the period from 01% May to 31
December 2020.

5. Conclusion

According to the results of PCR diagnostics that carried out
from 01 May 2020 and 31 March 2021, the greatest dynamics
of the epidemiological situation in the Sverdlovsky and
Pervomaisky districts of Bishkek were registered in June, July,
November and December of 2020. The results of PCR
diagnostics that carried out from 01% January 2021 to 31 March
2021 indicated that, the epidemiological situation in Bishkek
city is assessed as “stable”.
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Abstract

Citric acid is one of the most remarkable industrial goods fabricated by industrial fermentation using filamentous fungus. When
Aspergillus niger, a filamentous fungus, is produced under suitable conditions, high amounts of citric acid are obtained. This study
aims to explain the citric acid synthesis studied in a biodisc reactor using A. niger. Various physiological parameters have been
investigated in order to determine the optimum citric acid synthesis in biodisc reactor. Optimum incubation time was found to be as
168 hours in the study. The optimum value of the incubation temperature was determined to be 30°C. The optimum value of the
initial pH was found to be 3.8. Optimum citric acid synthesis occurred when the disc rotation speed was 2 rpm. In addition, the
optimum value of the initial sugar (sucrose) concentration was determined to be 20%. In a semi-continuous production study with
the renewal of the medium after a certain incubation period, it was determined that the citric acid yield increased approximately 3

times compared to the batch system. As a result, the highest value of citric acid was determined as 67.65 g/L.

Keywords: Aspergillus niger; citric acid; rotating biodisc reactor; semi-continuous production

1. Introduction

Organic acids are one of the most important groups among
organic molecules that include one or more carboxyl categories
and are profoundly found in the structure of most living things.
Acids including lactic acid, acetate, citrate, isocitrate, -
ketoglutarate, succinate, propionate, butyrate, fumarate, sorbic
acid, malic acid and their salts are members of this group
(Verhoff, 2003). Among these, citric acid (CA) is one of the
most functional tricarboxylic acids among the organic acids of
biological origin that find wide use in many industries. Citric
acid is an indispensable food additive used in the food industry,
food and beverage industry. It is stated that citric acid is added
to the composition of many foods as an acidifier, aroma
enhancer, preservative, emulsifier, stabilizer and antioxidant in
the food industry. The use of citric acid as a food additive has
been approved by the Food and Agricultural Organization
(FAO) and the World Health Organization (WHO) without any
restrictions, and this substance is also included in the Generally
Recognized as Safe (GRAS) lists (FAO/WHO, 2002). It is
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known that the food field uses nearly 70% of the entire citric
acid yielded in the world (Sahasrabudhe and Sankpal, 2001;
Dhillon et al., 2017). The main feature that makes citric acid
more usable than other acidifiers is shown to have low toxicity
(Lotfy et al., 2007; Kamzolova et al., 2011).

As reported, citric acid (2-hydroxy-1,2,3-propane
tricarboxylic acid) was initially being crystallized from citrus
extract by Scheele in 1784 (Mattey, 1992). According to the
researchers, it is known that over 90% of citric acid fabrication
in the globe is handled by fermentation. In the yield of citric acid
by fermentation, the filamentous fungus Aspergillus niger and
the yeast Yarrowia lipolytica are mainly used (Max et al., 2010;
Wyrzykowski et al., 2011; Souza et al., 2014; Apelblat, 2016).
In recent studies, it has been reported that the yield of citric acid
by microorganisms is a complex process involving many
metabolic and morphological changes in the cell and is affected
by many parameters (Anastassiadis et al., 2002; Kamzolova et
al., 2011; Morgunov et al., 2013). It is reported that the type of
substrate used in the medium and its initial concentration,
mineral content, nitrogen type and nitrogen concentration source

2718-062X © 2022 This is an open access article published by Dergipark under the CC BY license.
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are the effective parameters for production. Besides these; it is
stated that some parameters including pH, temperature, oxygen
concentration and mixing speed should be kept at optimum
values (Soccol et al., 2006; Moeller et al., 2007). Another
important parameter is the selection of the strain to be used to
increase the yield or the development of new strains. Therefore,
from the early 2000s, researchers have focused on obtaining new
strains that can produce high levels of citric acid by genetic
modifications or mutation (Soccol et al., 2006). It is known that
the most important thing in the yield of citric acid is to reduce
the process cost by using some natural substrate resources to
make the process more economical. The use of some raw
materials, industrial residues, wastes and by-products as
substrates is quite important in terms of waste removal and
process costs (Gongalves et al., 2009).

Yeast and yeast-like organisms responsible for the
fermentation constitute a homogeneous and very large group of
fungi. About 1500 species have been identified to date, but the
taxonomy of yeast is constantly changing with the development
of molecular biological methods. In addition, the increasing
interest in yeast and yeast taxonomy lead to a raise in the number
of species (Corbaci, 2008; Akpinar et al., 2011). One of the most
important members of this group is A. niger. In 1917, Currie
discovered that A. niger could produce significant amounts of
citric acid in sugar-containing media. Later, it was determined
that other Aspergillus species can also produce citric acid.
However, studies have indicated that the most suitable mold for
the yield of citric acid is A. niger (Yalcin et al., 2010). Mainly
citric acid obtained from molds including A. niger is affected
from different conditions including carbon source, substrate, pH,
nitrogen amount, temperature, trace elements, thiamine amount,
aeration. Another important factor is the fermentation type. It is
stated that a great amount of the world's citric acid production is
handled by fermentation (Soccol et al., 2006). Industry-related
citric acid yield is performed in three distinct methods: surface
fermentation (SF), submerged culture fermentation (SmF) and
solid state fermentation (SSF), also known as the “koji process”.
Today, approximately 80% of citric acid production is done by
submerged culture fermentation (SmF) carried out with batch,
batch fed or continuous systems (Dhillon et al., 2017).

In this study, a rotating biodisc reactor (RBD) was utilized
for citric acid production. The rotating biodisc reactor, which is
most commonly used for wastewater treatment, was used for
fermentation in this study. Controlling the conditions of
environment and thickness of biofilm in rotating biodiscs is
easier than biological filters because the liquid phase is more
homogeneous and the biofilm is apparent and accessible in the
process of the procedure. In addition, ventilation is highly more
influential for rotation of biodiscs as a consequence of direct
connection of biofilm and air turning process (Kargi and Eker,
2002). Considering these advantages, rotating biodisc reactor
was preferred in this study.

2. Materials and methods
2.1. Microorganism and growth conditions

A. niger culture was obtained from Hacettepe University
Faculty of Science Biology Department Culture Collection.
Cultures were prepared by seeding on Sabouraud Potato
dextrose-agar (SPA) media and incubated at 30°C for 5 days in
the incubator. The continuity of the cultures was provided by
periodic passages to SPA media. The microorganism was

26

Front Life Sci RT 3(1) 2022 25-29

planted in a sterile medium prepared in petri dishes, and spores
in black color were formed in the incubator for 7 days at 30°C.
Since the duration of the microorganism's activity in the solid
medium is approximately 30 days, the continuity of the culture
was ensured by planting in the solid medium and storing it at
+4°C,

2.2. Citric acid production medium

The ingredients of the medium used in citric acid
production are as follows; sucrose: 200 g/L, KH2PO4: 1 g/L,
MgS04.7H20: 0.25 g/L, NH4NOs: 0.05 g/L, CaCly: 3 g/L,
CuS04.5H,0: 0.06x10° g/L, ZnSO4.7H,0: 0.25x10% g/L,
FeS04.7H,0O: 1.3x10° g/L. Sucrose/saline solutions were
prepared separately and sterilized by adjusted to pH 3.5.

2.3. Determination of citric acid concentration

The concentration of citric acid was determined by the
pyridine-acetic anhydride (PAA) assay (Marier and Boulet,
1958). Citric acid analysis was performed at 425 nm wavelength
with a Cecil 5000 UV/VIS model spectrophotometer.

2.4. Biodisc reactor and citric acid production

The reactor used in this study is made of glass and
19x25x27 cm in size. 8 pellet discs with 17 cm diameters
connected to a shaft are placed in this container (Fig. 1). Disc
rotations are provided by a DC-type electric motor connected to
the shaft. An exchangeable transformer has been integrated into
the system to adjust the rotation speed of the discs. The prepared
production medium (total volume 4 L) was filled into the reactor
to cover the half surfaces of the discs and the system was placed
in the incubator (Sanyo). The microorganism in the stock
medium was added to the medium at a ratio of 1: 20 (200 mL
culture / 4 L production medium). Under these conditions,
production was continued for 7 days. Periodically (12 hours)
specimens were taken to detect the overall amount of sugar and
citric acid in the biodisc reactor. The growth in the biodiscs was
determined by measuring the thickness of the biofilm with a
millimeter caliper.

Fig. 1. (a) Top view of rotating biodisc reactor, (b) Side view of rotating
biodisc reactor.

2.5. Analysis of the effect of disc rotation speed on growth and
citric acid synthesis

To analyze the impact of disc rotation speed on growth and
citric acid synthesis, the disc rotation speeds were adjusted to 1,
2, 3,4 and 5 cycles/min by an exchangeable transformer.
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3. Results and discussion

3.1. Reproduction and citric acid synthesis in A. niger
depending on time in biodisc reactor

The production of citric acid and increase rate of the
growth of A. niger strain at the initial sucrose concentration of
20% are shown in Table 1. As indicated in Table 1, the highest
growth and citric acid production amount were obtained at 168
hours. Results are given as the average of three replicates.

3.2. The effect of temperature on reproduction and citric acid
production with A. niger in biodisc reactor

As given in Table 2, the optimum incubation temperature
both for production of citric acid and for the growth rate of A.
niger strain was found to be 30°C. Results are given as the
average of three replicates.

3.3. The effect of preliminary incubation pH on reproduction
and citric acid production with A. niger in biodisc reactor

As seen in Table 3, the optimum initial incubation pH for
both citric acid production and the growth rate of A. niger strain
was found to be 3.8. Results are given as the average of three
replicates.
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3.4. The effect of initial sucrose concentration on reproduction
and citric acid production with A. niger in biodisc reactor

As seen in Table 4, the optimum initial sucrose
concentration for both citric acid production and the growth rate
of A. niger strain was obtained at 20% g/L. Results are given as
the average of three replicates.

3.5. The effect of disc rotation speed on reproduction and citric
acid production with A. niger in biodisc reactor

As seen in Table 5, the optimum disc rotation speed for
both citric acid production and the growth rate of A. niger strain
was found to be 2 cycles/min. Results are given as the average
of three replicates.

3.6. Citric acid production with semi-continuous production
system

In semi-continuous production analysis performed by
renewing the medium after a certain incubation period (1.5 mL
of medium per minute addition), the citric acid yield increased
approximately 3 times compared to the batch system. As a result
of the analyzes, the highest value of citric acid was determined
as 67.65 g/L (Table 6).

Table 1
Reproduction and citric acid synthesis in A. niger depending on time in biodisc reactor.
Time (Hour) 24 48 72 96 120 144 168 192
Citric acid (g/L) 0.69+0.578 2.04+0.079 3.19+£0.07 4.54+0.02 6.4+0.003 11.524£0.055  17.14£0.026  16.87+0.017
Biofilm thickness (mm) 0.8 14 2 3.6 5.8 7.6 9.4 9.6
Table 2
The effect of temperature on reproduction and citric acid production with A. niger in biodisc reactor.
Temperature (°C) 20 25 30 35 40
Citric acid (g/L) 12.24+0.025 14.69+0.003 17.14+ 0.026 13.71+0.005 13.170.003
Biofilm thickness (mm) 6.7 8.0 9.4 7.5 7.4
Table 3
The effect of preliminary incubation pH on reproduction and citric acid production with A. niger in biodisc reactor.
Initial pH 3.2 8IS 3.8 4.1 44
Citric acid (g/L) 14.690.001 15.28+0.026 17.14+0.026 12.73+0.005 12.24+0.025
Biofilm thickness (mm) 8.1 8.4 9.4 7.0 6.7
Table 4

The effect of preliminary sucrose concentration on reproduction and citric acid production with A. niger in biodisc reactor (here, lower case used

for biodisc reactor, but upper case used in the above title).

Initial Sucrose Concentration (g/ L) 14 16 18 20 22
Citric acid (g/L) 15.34+0.01 15.78+0.9 16.23+0.028 17.14+0.026 16.69+0.015
Biofilm thickness (mm) 8.4 8.6 8.9 9.4 9.4
Table 5
The effect of disc rotation speed on reproduction and citric acid production with A. niger in biodisc reactor.
Disc Rotation Speed cycles/min 1 2 3 4 5
Citric acid (g/L) 16.29+0.577 17.14+0.026 15.43+0.003 14.57+0.05 12.68+0.05
Biofilm thickness (mm) 8.9 9.4 85 8.0 7.0
Table 6
The effect of preliminary incubation pH on reproduction and citric acid production with A. niger in biodisc reactor.
Time (day) 7 9 11 13 15 17 19 21
Citric acid (g/L) 17.14£0.026  24.51£0.577  34.08+0.002  42.85+0.079  51.42+0.055  58.92+0.052  67.65+0.017  67.56=0.001
Biofilm thickness (mm) 9.4 9.4 9.5 9.6 9.7 9.8 9.9 10.0
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This study consists of two stages. The first stage is for the
optimization of the bioreactor working in batch order with
sucrose, while the second stage is the production of citric acid
with a semi-continuous system in optimized conditions obtained
in the first stage. The optimum incubation time for the highest
amount of citric acid production rely on the production
conditions, the species and the fermentation process. The ratio
of citric acid biosynthesis was examined (Table 1) and a
maximal profit of citric acid (17.14 = 0.026 g/L) was obtained
168 hours after inoculation. The production started following a
one-day lag period in citric acid fermentation with A. niger and
achieved its maximal rate at the beginning of stationary period.
Biofilm thickness was measured as 9.4 mm. Prolonged
incubation did not further increase the citric acid production. In
similar studies, the researchers reported the optimum incubation
time as between 144-240 hours (Currie, 1917; Wieczorek and
Brauer, 1998; Demirel, 2003; Peksel, 2003; Max et al., 2010;
Apelblat, 2016). Rajoka et al. (1998) reported that they achieved
a product formation rate of 0.0506 g/L/ hour. This result is lower
than our presented results.

The temperature of the fermentation mixture is known as
one of the significant issues that have a limiting effect on fungal
citric acid production. In the present study, it was found that the
best temperature for citric acid fermentation was 30 °C (Table
2). When ambient temperature is low, it certainly had no positive
impact on citric acid production, as well as on the enzymatic
activity. However, the citric acid biosynthesis decreased when
the production temperature increased above 30 °C. This may
have occurred as a result of the accumulation of by-products,
including oxalic acid. Various researchers made use of 30°C as
the production temperature in different studies and gained higher
level of amounts of the concrete yield (Vergano et al., 1996;
Arzumanov et al., 2000; Ramesh and Kalaiselvam, 2011).
However, as the reported values are proportional to the
fermentation time, it is observed that the values obtained with
the strain used in this survey are close to the values obtained in
other researches, and some values are even lower. It is very
important to maintain a proper pH for the desired level of citric
acid production. The effect of various initial pHs (3.2 - 4.4) on
citric acid production in the medium was investigated and
maximum yield was calculated with the initial pH of 3.8 (Table
3). Lowering pH values resulted in a decline in citric acid
production amount, because low pH may inhibit mycelium
growth. This finding is in agreement with the result reported by
Pessoa et al. (1982). In addition, during the fermentation process
with Aspegillus niger in the production of citric acid, the pH of
the medium is of great importance and nitrogen metabolism
causes proton release that lowers the pH (Amenaghawon et al.,
2013). The pH of a culture can change as a response to
microbiological metabolism. The most remarkable cause for this
change is the discharge of organic acids including citric acid that
will lead a drop in pH. Fluctuations in pH are mostly dependent
on microorganisms. The origin of the substances and the
manufacturing procedures also affects the pH kinetics.
Therefore, the initial pH is to be defined elaborately and made
efficiently use of depending on the microorganism, substrate and
production technique. A higher initial pH was also an inhibitory
factor for A. niger growth and citric acid production. A. niger
has an invertase enzyme active at low pH values which utilizes
sucrose, rather than glucose, as the main substrate for citric acid
production. Due to its low molecular weight, sucrose is simply
transferred by intracellular enzymes in microbial cells for

28

Front Life Sci RT 3(1) 2022 25-29

hydrolysis (Kareem et al., 2010; Padvi and Pawar, 2011).
Kudzai et al. (2016) found that the medium supplemented with
sucrose produces more citric acid than the glucose medium
stating that sucrose is the main substrate for citric acid
production. In addition, it has been pointed out that the
concentration, as well as the type of sugar, play an important role
in citric acid production. The maximum level of production is
generally occurs between 14-22% sugar concentrations and no
citric acid production has been reported in environments
containing less than 2.5% sugar. We investigated the effect of
initial sucrose concentration (14-22 g/L) on growth and citric
acid production and had the maximum results at 20% sucrose
concentration (Table 4). Increased sugar concentration in the
medium causes a decrease in citric acid produced by A. niger.
This may be attributed to the fact that high levels of sugar
concentrations are caused by an excessive growth of mycelium
leading to an increase in viscosity in the environment which
reduces the citric acid production in the fermentation medium.
On the other hand, it has been reported that low sugar levels
cause low citric acid production because of oxalic acid
accumulation in the culture medium (Prasad et al., 2013).

Taking the advantages of bioreactor systems into account,
rotating biodiscs are mostly utilized in biological treatment.
However, one of today's economic principles is to reduce raw
material costs and increase the production. This is the specificity
of our work towards this purpose, because such a method was
rarely encountered in previous studies on production of citric
acid. For this reason, citric acid production with this type of
reactor becomes important due to its rarity, as well as its
numerous advantages. A similar study on obtaining different
products was reported by Sidal and Taskin-Ozkale (2003). From
this point on, the effect of disc rotation speed on citric acid
synthesis was investigated and it was observed that the results
obtained at 2 cycles / minute were maximum (Table 5). Similar
results were reported by Guven (1995). As can be seen from the
results of our study, biodiscs rotation caused by direct contact of
the biofilm with the ventilation in the return process is very
important. Because, the contact time of the biofilm with air
increases the yield. In a semi-continuous production study with
the renewal of the medium (1.5 mL of medium per minute) after
7 days of incubation under optimized conditions, it was
determined that the yield of citric acid increased approximately
3 times compared to the batch system. After 21 days of
incubation, the highest value of citric acid was found to be 67.65
g/L on the 19th day (Table 6). As an important finding,
incubation time longer than 19 days did not cause an increase in
citric acid production.

4. Conclusion

Our results show that this type of reactor can be used for
citric acid production. However, studies that increase
productivity as to raise the amount of citric acid to more suitable
levels on an industrial scale may increase the possibility of using
this process in the future.

Conflict of interest: The author declares that he has no conflict
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Domates (Lycopsersicum esculentum L.)’te sentetik tohum iiretiminde aljinat
oranlarinin depolama zamanina etkisi
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Bitki 1slahi, daha yiiksek verim ve hastaliklara kars1 dayaniklilik i¢in bitki genotipleri arasinda bir se¢im ve ¢aprazlama siirecini
kapsamaktadir. “Elit” ad1 verilen kademede ebeveyn tohumu, 1slah siirecinin yeni ve ilk iriiniidiir. Elit kademe tohumun daha hizli
iiretilmesi, tohumlarin pazarlanmasi icin ¢ok dnemlidir. Sentetik tohum teknolojisi, elit tohumlarin daha kolay ve daha hizli
gelistirilmesine olanak saglamaktadir. Bu ¢alismada, domates bitkisinin hipokotil eksplantlar1 kullanilarak elde edilen kapsiil
tohumunun MS kiiltiir ortamt ile ¢gimlenme giiciiniin belirlenerek tohumlarin saklama siiresinin tespit edilmesi amaglanmigtir. Bu
amagla domates bitkisi eksplantlarindan elde edilen sentetik tohumlar, kaplama sonrasi +4 °C’de saklanmis ve depolama siirelerinin
rejenerasyona etkileri 0, 30, 60 ve 90 giin sonraki rejenerasyonlarina bakilarak degerlendirilmistir. Cimlenme giicii ilk giin %80
iken 30 giinde %10’a diismiis ve ¢imlenme siiresi 20 giinden 50 giine ¢ikmistir. Sonug olarak hipokotillerin, domates bitkilerinde
“Synseed” ad1 verilen sentetik tohum tiretiminde eksplant kaynagi olarak kullanilabilecegi goriilmiistiir.

Anahtar kelimeler: Cimlenme giicii; depolama stiresi; domates; sentetik tohum; sodyum aljinat

The effect of alginate ratios on storage time in the production of synthetic seeds
in tomato (Lycopsersicum esculentum L.)

Abstract

Plant breeding covers a period of time selection and crossing among plant genotypes for higher yield and resistant to diseases.
Breeder seed named “Elit” is a recent product of breeding process. The faster production of elit seed is so important for marketing
of seeds. Synthetic seed technology enables an opportunity for developing elit seeds, easily and faster. In this study, it was aimed
to determine the storage time of the seeds by determining the germination power of the capsule seed obtained by using hypocotyl
explants of tomato plant by MS culture media. Synthetic seeds obtained from explants of tomato plant were stored at +4 °C after
coating and then the effects of storage times on regeneration were evaluated by looking at their regeneration after 0, 30, 60 and 90
days. While the germination vigor was 80 % in first day, it decreased to 10 % in 30 days and germination time increased from 20
days to 50 days. As a result, hypocotyls can be used as an explant source in the production of synthetic seeds “Synseed” in tomato
plants.

Keywords: Germination power; sodium alginate; storage time; synthetic seed; tomato
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Z. Secgin & A. Okumus
1. Giris / Introduction

Bitki 1slahinda en 6nemli husus, verimli ve hastaliklara
dayanikli iiriinlerin gelistirilmesidir. Islah islemi olduk¢a uzun
stiren bir siire¢ olmakla beraber, 1slah edilen materyalin hizli
gelistirilmesi ve piyasaya siirlilmesi tohumculuk agisindan
onemlidir. Bugiine kadar doku kiiltiirii uygulamalar1 degisik
alanlarda; kallus iiretiminden fide elde etmek amaciyla ya da
genotipin hizli iiretilmesinde kullanilarak patates, pancar, fidan
ve peyzaj bitkileri tiretmek i¢in kullanilmistir (Danial ve
Ibrahim, 2018; Das ve ark., 2021; Erdem ve Uysal, 2021). Doku
kiiltiiri ile yapilan ¢aligmalarda, kallustan “somatik embriyo”
olarak adlandirilan embriyo ve embriyo benzeri yapilarin
gelistigi  gozlenmistir. Somatik embriyolar ve zigotik
embriyolarn  gecirdigi evreler incelendiginde benzerdir.
Somatik embriyolar ve bazi bitki eksplantlari; sodyum aljinat,
kalsiyum kloriir, fungusit, insektisit ve besin elementleri ile
kaplamak gibi degisik uygulamalarla sentetik tohumlara
donistiirilmektedir (Nongdam, 2016; Nugrahani ve ark., 2018).
Farkli yontemlerle sentetik tohum iretilmesi; 6zellikle verimli
olan fakat tohum iiretemeyen bitkilerin klonal ¢ogaltilmasi,
hastaliklardan ari bitki elde edilmesi, gen kaynaklarini korumak
agisindan faydali ve kullanigh olmustur. Bu metot transgenik
bitkilerin hizli ¢ogaltimi i¢in de dnemli olup elit genotiplerin
saklanmasi1  ve  hibritlerin  klonal c¢ogaliminda da
kullanilmaktadir. Nesli tilkenmekte olan tiirlerin
germplasmlarmin ve tohumlar1 kurumayan tropik tiirlerin
iiretimi ve saklanmasinda da bu teknik temeldir. Sentetik tohum
teknolojisinin iilkemiz acisindan gen kaynaklarinin korunmast,
tohumla {iretilmesi zor olan tiirlerin iretilmesine alternatif
olmasi, Gistiin genotiplerin klonal ¢ogaltilmasi ve hibrit bitkilerin
hizli ve kolay ¢ogaltilmasi agisindan 6nemlidir (Parrot ve ark.,
1993; Ozden-Tokatli ve ark., 2008).

Sentetik tohum teknolojisi ile, elit bitki ¢esitleri klon olarak
¢ogaltilabilir, tehlike altindaki bitkiler korunabilir, meristem
kultiiric ile virlissiiz bitkiler elde edilebilir, bitkisel gen
kaynaklar1 saklanabilir veya bitki hiicre kiiltiirlerinden sekonder
metabolitler elde edilebilir. Biitiin bu uygulama alanlarinin
yaninda, doku kiiltlirii ayrica transgenik bitki iiretimi i¢inde
vazgecilmez bir aragtir. Ekonomik 6neme sahip, endemik ve
nesli tehlike altinda olan bitkilerin korunmasi ve gogaltilmasi
i¢in bitki doku kiiltiirii ¢alismalar1 dnem kazanmistir. Diinyada
pek cok bilim adami1 bu yolla endemik ve nesli tiikenme tehlikesi
altinda olan bitkilerin ¢ogalttmi ve korunmasi yoluna
basvurmustur. Tehlike altindaki ¢ok sayida bitkinin
¢ogaltiminda in vitro tekniklerin yararli oldugu bulunmustur
(Lledo ve ark., 1996).

Bitki 1slahinda yogun bir sekilde kullanilan biyoteknolojik
yontemlerden birisi de somatik embriyogenezdir. Somatik
embriyogenez, bitkinin somatik dokularindan kapali iletim
sistemine sahip bipolar embriyonun iretilmesini saglayan
eseysiz gelisme siirecidir. Somatik embriyogenez doku
kiiltiirtinde kitlesel klonal ¢ogaltim icin en giiglii tekniklerden
birisidir. Somatik embriyogenez bir¢ok bitki tiiriiniin, 6zellikle
de orman agaclarinin hizla klonal ¢ogaltilmasinda 6énemli bir
potansiyele sahiptir (Babaoglu ve ark., 2001). Teorik olarak tek
bir eksplant smirsiz sayida somatik embriyo {iretebilir. Bu
sinirsiz liretim, anag bitkiden alinan kisith miktardaki materyale
bagli olan ¢elikle ¢ogaltim karsisinda ¢ok biiyiik avantaja sahip
olmaktadir. Ozellikle, birgok bitki tiirii i¢in gelistirilen hiicre
siispansiyon teknikleriyle az bir isgilikle, ¢ok kisa bir siirede ¢cok
sayida iyi geligmis embriyo elde etmek miimkiin olmaktadir
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(Parrot ve ark., 1993; Parrot ve Bailey, 1993).

Klonal popiilasyonlarin taginmasi ve saklanmasi in vitro
sentetik tohum {iretimi ile miimkiin olabilmektedir. Sentetik
tohum ekim i¢in fonksiyonel yapay tohum olarak kullanilabilen
in-vitro ya da ex-vitro kosullar altinda bitkiye doniisme
kabiliyetine sahip ve saklanabilen yapay olarak kapsiillesmis
somatik embriyonun olusturulmasi igin, siirgiin, tomurcuk ya da
herhangi diger meristematik dokular kullanilabilir ve bu dokular
sodyum aljinat gibi bir matriksle kaplanabilmektedir (Standardi
ve Piccioni, 1998). Farkli eksplant kaynaklarmin saklama ve
kaplama ¢aligmalarini gelistirmek, nesli tiikenmekte olan ve gen
kaynagi agmmdan Onemli bitki tiirlerini sentetik tohum
teknolojisiyle iiretme potansiyelini artirabilmektedir. Onemli bir
besin kaynagi ve model bir bitki olan domates bitkisinin de
sentetik tohum iiretimini ve bu sentetik tohumlarin saklama
stirelerinin optimizasyonu gen kaynagi olan diger tiirler
acgisindan da O6nem arz etmektedir (Sakamoto ve ark., 1992;
Porter, 2008; Reddy ve ark., 2012).

Somatik embriyolarin déllenme sonucunda gelisen zigotik
embriyolara gbére en O6nemli istiinliikleri genetik agilmalarin
olmamasidir. Somatik embriyolar, kiiltiire aliman eksplantin
somatik hiicrelerinden geliserek eksplantin alindigi bitkinin
genotipini muhafaza ettirdiklerinden dolay1 klon olustururlar.
Somatik embriyogenez yoluyla olusan iiriin embriyo olup,
tohum igerisinde bulunan embriyonun benzeridir. Daha da
onemlisi somatik embriyolar tam bitki olusturabilme
programina da sahiptirler. Bu yiizden somatik embriyolar
kaplanmis tohum olarak kullanilabilme potansiyeline sahiptirler
(Sakamoto ve ark., 1992; Parrot ve ark., 1993).

Sentetik tohum teknolojisi ile vejetatif olarak c¢ogalma
yetenegine sahip somatik embriyo; protokorm, protokorm
benzeri yapilar veya nodal kisimlarin, yapay endosperm ve
sonrasinda uygun bir kapsiilleme maddesi ile kaplanmas1 sonucu
bazi avantajlar kazanir. Tesis kurma ve dagitim engellerini
kaldirmak, depolanmalart siiresince gii¢lii ve yiiksek adapte
olabilirliklerini stirdiirmek, ambalajlama tasima ve depolamada
kolaylik saglamak bu hususta akla gelen ilk 6rneklerdendir. Bu
tiir galigmalarin devam etmesi, hatta uzun bir zaman diliminde
pratige aktarilan sonuglarin alinmasi iilke ekonomisine biiyiik
Olgiide katkida bulunacagi gibi gen kaynaklarmm yok olma
riskini de ortadan kaldiracaktir (Porter, 2008; Bektas ve ark.,
2011; Gantait ve Mitra, 2019).

Domates bitkisi ekonomik Oneminden dolay1 birgok
aragtirmaya konu olmus sentetik tohum {iretimi ise “SynSeed”
kisaltma ismiyle bazi kaynaklar tarafindan kullanilmistir
(Porter, 2008). Domates bitkisinde sentetik tohum {iiretimi ve
saklanmasinin optimizasyonu; gen kaynagini korumada, iistiin
ozelliklere sahip genotiplerin ¢ogaltilmast ve transgenik bitki
iretilmesi gibi alanlarda kullanilabilmesine imkan tanimasi
acisindan  Onemlidir. Bu arastirmada domates bitkisinin
hipokotil eksplantlar1 kullanilarak elde edilen kapsiil tohumda,
¢imlenme giicii belirlenerek sentetik tohum {iretimi ve
tohumlarin saklanma siirelerinin belirlenmesi amag¢lanmastir.

2. Gereg ve yontemler / Materials and methods

Arastirmada kullanilan materyal 6zel firma tarafindan Ar-
Ge yapmak amaciyla kullanilmasina izin verilen TBT-20 ve
TBT-31 nolu genotiplere ait tohumlardir. Baslangi¢ materyali
olarak kullanilacak domates tohumlari, steril kabinde ilk olarak
% 20’lik sodyum hipoklorit ¢dzeltisinde 20 dakika
bekletildikten sonra 5 kez steril su ile yikanmustir. Steril edilen
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tohumlar steril kurutma kagidinda 5 dakika bekletilmistir.
Yiizey sterilizasyonu yapildiktan sonra tohumlar ¢imlendirilmek
iizere 121 °C otoklavlanan kavanozlara 100 ml MS dokiilerek
hazirlanmis, 1 It’lik cam kavanozlara 4 er adet tohum ekimi
yapilmistir (Sekil 1). Ekimi yapilan tohumlar ¢imlendirilmek
iizere iklim odasinda 25 °C’de 10 giin bekletilmistir. Domates
¢imlendirme besi ortami olarak 2,2 gr/lt MS (Duchefa Marka
M0222 MS + vitamin) + 30 gr/lt siikroz + 2,8 gr/lt phytagel
kullanilmigtir.  Cimlenen bitkilerin hipokotillerinden alinan
ornekler eksplant olarak kullanilmistir.

Sekil 1 / Figure 1. MS ortaminda tohumdan yetistirilen domates
bitkileri / Tomato plants growing from the seed in MS media.

2.1. Besi ortamlarimin hazirlanmast ve sentetik tohum elde
edilmesi / Growing media preperation and handling of syntetic
seed

Domates eksplantlart  {izerine hormonlarin etkisini
belirlemek amaciyla IAA, BAP, NAA, 2,4-D ve Kinetin’in
farkli konsantrasyonlar1 denenmis ve arastirmada litreye 4,4 gr/It
MS (Duchefa Marka M0222 MS+vitamin) 30 gr/lt siikroz, 2,8
gr/lt phytagel kullanilmigtir. Caligma sonucunda en etkili sonug
veren ortam sentetik tohum tiretimi i¢in kullanilmistir. Miimkiin
oldugu kadar kii¢iik parcalara ayrilan propagiil dokulardan elde
edilen hipokotil eksplanti sentetik tohum elde etmek amaciyla
sodyum aljinatin ve kalsiyum klorit (CaCly)’in farkh
konsantrasyonlari kullanilarak kaplanmigtir. Bu amagla 100 ml
farkli konsantrasyonlarda sodyum aljinat (% 1, 2, 3, 4 ve 5) ve
100 ml farkli konsantrasyonlarda CaCl; ¢6zeltisi (50 mM ve 100
mM) hazirlanmigtir. Cozeltiler otoklavda steril edilerek steril
kabin igerisinde manyetik karistirict iizerine alinan sodyum
aljinat ¢ozeltisi igerisine steril manyetik balik konularak
karistirilmastir.

Olgunlagan eksplantlar steril bir pens ve bisturi yardimryla
0.5 mm biiyilikliigiinde kesilerek ¢dzeltinin igine birakilarak ve
bir miiddet karismasi saglanmistir. Manyetik karistirict iizerine
alman CaCl, ¢ozeltisi igerisine manyetik balik konulmus ve
Sml’lik mikropipet araciligiyla alinan sodyum aljinath eksplant,
karismakta olan CaCly ¢ozeltisi igerisine yavas yavas
birakilmistir. Orneklerin 20-30 dakika CaCl, ¢ozeltisi icinde
karigmasi i¢in beklenmistir. Elde edilen sentetik tohumlar daha
sonra steril saf su ile kalsiyum tuzlarin1 uzaklastirmak amaciyla
5 dakika yikanmistir. Yikama iglemi tamamlandiktan sonra elde
edilen sentetik tohumlarin bir kismi1 dogrudan MS besi yerine
alinirken bir kismi + 4 °C’de saklanmistir (Sekil 2). Saklanan
sentetik tohumlar ¢imlendirme igslemine kadar 0, 30, 60 ve 90
giin periyotlarda bekletilmistir.

2.2. Istatistik analiz / Statistical analysis
Aragtirma sonucu elde edilen sentetik tohumlardan

yetistirilen fidelerde, her damlada eksplant iceren ve icermeyen
bilye tipi boncuklar sayilmistir. Ayrica, ortaya ¢ikan kapli tohum
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boncuklarinda saklama siiresinin etkili olup olmadig ile ilgili
degerlendirme yapilmistir. Degerlendirme korelasyon testi ile
test edilerek saklama siiresi ile olan iligkisi istatistiki olarak
degerlendirilmistir.

caCl2
20 dakika

% 3 sodyum aljinat
MSs
0.1 mg/L NAA
. 1mg/LBAP.
Fungisit, insektisit

' ASIS @

5 - Sterilsuda 2 dakika -~~~

‘Cimlendirme ve depolama “Tohumlarin kurutmasi &

Sekil 2 / Figure 2. Sentetik tohum elde edilme agamasi / Synthetic seed
production stage.

3. Bulgular ve tartisma / Results and discussion

Sentetik tohum {izerine yapilan c¢alisma 3 kisimda
incelenmistir. Ilk olarak; Sodyum aljinat ve CaCl,
konsantrasyonlarinin optimizasyonu, ikinci olarak tohum iceren
boncuklarin ayrimi1 ve igiincli olarak sentetik tohumlarin
saklanma siiresi olarak asagida 6zetlenmistir.

3.1. Sodyum aljinat ve CaCl2 konsantrasyonlarinin
optimizasyonu / Optimization of sodium alginate and CaCl.
concentrations

Calismada kullanilan domates bitkisinin sentetik tohum
tretiminde; farkli konsantrasyonlarda sodyum aljinat ve
kalsiyum kloriir ¢ozeltileri kullanilmistir. Elde edilen sentetik
tohumlarda sodyum aljinatin % 1 ve 2’lik konsantrasyonlarinda
tohum boncugu olusmamigken % 5 sodyum aljinat kullaniminda
ise asir1 sert sentetik tohum boncuklart elde edilmistir. En iyi
sentetik tohumun olusumu % 3 sodyum aljinat ile 100 mM
CaCl; kombinasyonundan elde edilmistir. CaCl, farkli
konsantrasyonlari; tohum boncugu olusumu flizerine etki
ederken 50 mM konsatrasyonlarinda 1-5 skalasina gore yapilan
degerlendirme sonucunda boncuk olusumunun daha az sekilsiz
oldugu  goriilmiistir.  Sodyum  aljinat ve  CaCl;
kombinasyonunun boncuk olusumu {izerine etkisi Tablo 1. ve
Sekil 3’te 6zetlenmistir.

Tablo 1/ Table 1
Sodyum aljinat ve CaClz kombinasyonunun boncuk olusumu iizerine
etkisi / The effect of sodium alginate and CaCl> combinations on
capsule formation.

Aljinat Kons. % CaCl, upM

50

Boncuk Olusumu 1-5 Skalasi
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M Alginat konsantrasyonu % ® Boncuk Olusumu 1-5 skalasi

dl“.ll“h
1 2 3 4 5 6 7 8 9 10

UYGULAMALAR

O R, N W b U1 O

KONSANSTRASYON VE BONCUK
OLUSUM MIKTARI 1-5 SKALA

Sekil 3 / Figure 3. Domates hipokotil eksplantlarinin kaplanmasi
sonucunda sodyum aljinat ve CaClz’nin boncuk olusumuna etkisi / The
effect of sodium alginate and CaClz on bead formation as a result of
coating tomato hypocotyl explants.

3.2. Tohum iceren boncuklarin ayrimi/Separation of capsules
containing seed

Domates genotiplerinde yapilan ¢alismada genotipler arasi
fark istatistiki anlamda 6nemli bulunmamistir (0,05<P). Yapilan
degerlendirmede, % 3’lik aljinat ve 100 puM CaCly
kombinasyonu en uygun tohum boncuk olusumunu vermistir.
Genel olarak boncuk iiretimi basarili olsa da, tohumlarda
eksplant igeren ve icermeyen boncuk yapilarin ayirimi ¢ok
onemli bir husustur. Bu amagcla arastiricilar tarafindan ayirma
iglemi i¢in Sekil 4’te goriilen degisik makinalar gelistirilmistir
(Onishi ve ark., 1994).

Sekil 4 / Figure 4. Delikli plakali kapsiilasyon makinesi (iist solda) ve
dijital jel seleksiyon makinesi (iist sagda) / Perforated plate
encapsulation machine (above on the left ) and digital gel selection
machine (above on the right) (Onishi ve ark., 1994).

Delikli plakali kapsiilleme aparati. Aljinat embriyolu
¢ozelti, bir besleme tankindan (a) yakindaki depodan beslenir.
Gezgin dislisinin (b) dis ¢evresi delikli plakadan yapilmustir (c)
Delikli plaka delik ¢apt 5 mm olup 1,200 delik igerir. Aljinat
¢oOzeltisi damlaciklar1 kanaldan sertlestirme kabinin (d) igine
diiser.

Dijital Jel Selektor. (1) Depo alani, (2) tasitict inite, (3)
donen tambur, (4) kapsiil ayirma bashgi, (5) 1sik, (6) CCD
kamera, (7) tastyici aparat, (8) siyirict firga, (9) eksplantsiz atik
kabu, (10) iifleyici, (11) eksplantli {iriin konteyner, (12) elektrikli
valf, (13) hava kompresorii.

3.3. Sentetik tohumlarin saklanma siiresi / Storage time of
synthetic seeds

Front Life Sci RT 3(1) 2022 30-35

Caligmada tohum igeren boncuklar ile igermeyenler
birbirinden g6z yordami ile ayirt edilmislerdir. Arastirmada,
sertlik bakimmdan en uygun olan % 3 aljinat igeren tohum
boncuklarinda saklama siiresi ile ilgili caligma yapilmistir (Sekil
5). Yapilan ¢alismada; 0, 30, 60, 90 giin saklanan tohumlarin
¢cimlenme ozelliklerini kaybedip kaybetmeyecekleri
incelenmistir. Calismada 0 giin olarak, boncuk elde edildikten
sonraki giin kabul edilmistir. Tohumlar 30, 60 ve 90. giinler i¢in,
cimlenme ortami hazirlanarak test edilmislerdir. Yapilan
degerlendirmede elde edilen sonuclar Tablo 2 ve Sekil 6 da
verilmistir. Buna gore 0. giinde; ¢cimlenme yiizdesi % 80 olmus
ancak 20 giin sonra ¢imlenmislerdir. Oysa, 30 giin depolamadan
sonra ¢imlenenlerin yiizdesi % 10 olmus ¢imlenme siiresi ise 50
giine ¢cikmistir. Diger tarihlerde ise ¢imlenme olmamistir. Giin
sayisi artigina bagl olarak yapilan degerlendirmede; giin sayisi
ile cimlenme arasinda negatif korelasyon (r?=-0,835) ¢imlenme
yiizdesi ile ¢imlenme arasinda pozitif korelasyon (r?=0,958)
bulunmustur.

¥ i ~ i 4 —

Sekil 5 / Figure 5. Petri igerisinde % 2 (soldaki) ve % 3 (sagdaki)
sodyum aljinat ve 100 mM CaCl: konsantrasyonlar1 sonucunda elde
edilen boncuk olugsumu / Capsule formation obtained as a result of 2%
(left) and 3% (right) sodium alginate and 100 mM CaCl. concentrations
in the Petri dish.

Tablo 2/ Table 2

Domates hipokotil eksplantlerindan elde edilen sentetik tohumlarin
farkl: siirelerde depolanmasi sonucunda elde edilen bitki sayisi / The
number of plants obtained as a result of storing synthetic seeds obtained
from tomato hypocotyl explants for different periods.

Depolama Cimlenme Kapsiil Cimlenme
Siiresi (giin) Yiizdesi Tohumlar Siiresi
0 80 Canh 20
30 10 Canh 50
60 0 Bozuk -
90 0 Bozuk
== Cimlenme Ylizdesi == Cimlenme Siiresi
90
80
70
60
50
[=]
=40
>
30
20
10
0
0 30 60 20

GUN SAYISI

Sekil 6 / Figure 6. Domates hipokotil eksplantlerinde elde edilen
sentetik tohumlarin farkl: siirelerde depolanmasi sonucunda elde edilen
bitki sayis1 / Number of plants obtained as a result of storage of
synthetic seeds obtained from tomato hypocotyl explants for different
periods.
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Elde edilen sonuglar, diger caligsmalarla karsilastirildiginda
aljinatin toksik etkisi tohum ¢imlenmesini etkileyebilmektedir
(Patel ve ark., 2000). Diger taraftan kullanilan kaplama
materyali domates i¢in uygun olmayabilir (Sokamato ve ark.,
1992). Besin soliisyonlar1 canlilig1i etkilemektedir. Orkide
bitkisinde yapilan calismalarda MS tuzlariin sentetik tohumu
destekledigi ve faydali oldugu sonucu bildirilmistir (Gardi ve
ark., 1999; Saiprasad ve Polisetty, 2003; Huda ve ark., 2007;
Ozden-Tokatli, 2008; Bektas ve ark., 2011). Bu c¢alismada
uygulanan metotlarda yer alan ¢imlenme ve saklama
kosullarinda domatesin soguga karsi etkisi bilinmediginden
dikkate alinmamistir. Domatesin  soguga toleranst da
cimlenmeyi etkileyebilmektedir (Zhang ve ark., 2004).

4. Sonug / Conclusion

Elde edilen verilere gore, domates bitkisinin farkli
eksplantlarindan elde edilen sentetik tohumlar kaplandiktan
sonra +4 °C de saklanmig ve 0, 30, 60 ve 90 giin sonra
rejenerasyonlarina bakilarak saklama siirelerinin rejenerasyon
iizerine etkileri degerlendirilmistir. Sentetik tohumlarin
¢imlenme ylizdesi ve ¢imlenme siiresi hakkinda bilgi sahibi
olmak i¢in depolama yapilmistir. Depolamanin ilk giiniinde %
80 ¢imlenme giiciine sahip tohumlar, canli tohum olarak 20
giinde ¢imlenmislerdir. Ikinci uygulamada 30 giindeki sentetik
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Artan diinya niifusu ile birlikte, tarima elverisli araziler azalmakta ve buna bagli olarak gida giivenligine iliskin endiseler
artmaktadir. Bu endiselerin Oniine ge¢cmek icin molekiiler 1slah yontemlerinin yani sira modern biyoteknolojik araglarinda
kullanilmast gerekmektedir. CRISPR/Cas9, bolgeye 6zgii niikkleaz enzimini kullanarak ¢ift sarmalli kirilmalar olusturan genom
diizenleme yontemidir. Ciftlik hayvanlarinda hastaliklara karst direng olusturulmasi, verim 6zelliklerinin yiikseltilmesi,
bakteriyofajlara karsi direngli baslangi¢ kiiltiirlerinin (starter kiltiirler) elde edilmesi, tip alaninda kanser tiirleri ve kalitsal
hastaliklarin elemine edilmesi, tarim alaninda kuraklik ve zararlilara karg1 daha direngli ve yliksek verimli bitkilerin yetistirilmesi
icin kullanilmaktadir. CRISPR/Cas9 teknolojisinin yasal mevzuat ¢er¢evesinde ve bilimsel arastirmalar kontroliinde
gergeklestirildiginde yararli olacagi diisiiniilmektedir. Ancak teknolojik uygulamalarin toplum {izerinde kolay kabul gérmemesi ve
yontemin kullanimi konusunda etik tartismalar devam etmektedir.

Anahtar kelimeler: CRISPR/Cas9; CRISPR/GDO farki; CRISPR teknoloji; genom diizenleme, gida

CRISPR/Cas9 technology and usage in the food industry

Abstract

By the increase of world population, arable lands are decreasing and related to this, food security concerns are increasing. In
order to avoid these concerns, it is necessary to use modern biotechnological tools and molecular breeding methods. CRISPR/Cas9
is a genome editing method that creates double-stranded breaks using the site-specific nuclease enzyme. This method is used for
providing disease resistance in farm animals, increasing yield characteristics, obtaining starter cultures resistant to bacteriophages,
eliminating cancer types and hereditary diseases in medicine, growing more resistant and high yielding plants against drought and
pests in agriculture. In the field, it is used for the cultivation of high-yielding plants that are more resistant to drought and pests. It
is thought that CRISPR/Cas9 technology will be useful when it is carried out within the framework of legal regulations and under
the control of scientific research. However, ethical debates continue regarding the use of the method and the fact that technological
applications are not easily accepted by the society.
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1. Giris / Introduction

Diinyada her gecen giin artan niifusa bagl olarak gida arz1
olusmakta ve iiretilen gidalar bu ihtiyaci karsilamaya yetersiz
kalmaktadir. Hayvansal gidalarin iiretimi i¢in yetistirilen ¢iftlik
hayvanlarmin  yetistirme kosularmi etkileyen iklimsel
farkliliklar, ¢evresel problemler ve bakim-besleme kosullarinin
degiskenligi sebebiyle adaptasyon giigliikleri meydana gelmekte
ve buna bagli olarak ¢esitli hastaliklar ortaya ¢ikmaktadir. Uzun
yillardan beri artan gida ihtiyacin1 karsilamaya yonelik
sorunlarin ¢dziime ulagmast i¢in gesitli caligmalar yapilmaktadir
(Esen ve ark., 2020). Giiniimiizde tiiketiciler, gidalarin acligt
gidermesinin yani sira hastaliklarin 6nlenmesine de 6nemli
katkilar sagladigina inanmakta, bu nedenle gida endiistrisinin
kiiresel ekonomi {lizerindeki giicli etkisinin katkistyla
tiketicilerin 6zel gereksinimlerini karsilamak icin genom
diizenleme  tekniklerinin  kullanildigi  yeni  teknolojik
uygulamalar 6n plana ¢ikmaktadir (Bigliardi ve Galati, 2013;
Ouyang ve ark., 2017; Es ve ark., 2019).

Canli bir organizmanin sahip oldugu genomda cesitli
manipiilasyonlar ile istenilen bir niikleotid dizisinin hedeflenen
noktaya eklenmesine, istenilen noktadan ¢ikartilmasina ve yer
degisikligi yapilmasina genom diizenleme (GD) denilmektedir
(Proudfoot ve ark., 2015). Genom diizenleme ¢alismalar1 1991
yilinda ZFN (Zinc Finger Nukleases-Cinko Parmak
Niikleaz)’lerin kesfi ile baslamig, 2012 yilinda TALEN
(Transcription  Activator  Like  Effector  Nucleases-
Transkripsiyon Efektor Benzeri Niikleazlar) tekniginin ortaya
¢tkmasi ile artmis ve 2013 yilindan itibaren ¢ok daha kolay
uygulanan ve maliyeti diger uygulamalara gore daha diisiik olan
CRISPR/Cas9 (Clustered Regularly Interspaced Short
Palindomic Repeat - Diizenli Araliklarla Boliinmiis Polindromik
Tekrar Kiimeleri/ CRISPR Associated) yontemiyle devam
etmigtir (Mali ve ark., 2013; Ruan ve ark., 2017; Ozyigit ve ark.,
2021). Science dergisi 2015 yilinda CRISPR yontemini yilin
bulusu segerek bu yontemin arastirmacilar igin ilgi odagi
olmasin1 ve c¢aligmalar yapmasini hizlandirmistir. 2020 yilinda
Emmanuelle Charpentier ve Jennifer Doudna’nin “Genom
diizenleme igin bir yontem gelistirmelerinden dolay1” Nobel
Kimya Odiiliinii almas1 ile CRISPR yontemine olan ilgi tiim
diinyada artmistir (Ruan ve ark., 2017; Anonim, 2020).

CRISPR, bakterilerin savunma sistemlerinin
arastirilmasiyla ortaya ¢ikmis olup, hiicrelerdeki DNA yapisinin
degisime ugramasi ile tip alaninda kalp hastaliklari, kanser
tirleri ve gorme kaybina neden olan bazi kalitsal hastaliklarin
tedavisinde yeni bir teknik olarak kullanmilmistir (Zhan ve ark.,
2019; Luthra ve ark., 2021; Seok ve ark., 2021). Tarim ve gida
alaninda ise yalnizca yiiksek verimli bitkiler degil, ayn1 zamanda
besin degeri yiliksek, kurakliga ve tarim zararlilarina kars1 daha
dayanikli bitkilerin yetistirilmesinde de kullanilabilmektedir.
Herbisit toleransi, bocek direnci, tane verimi, bitki boyu ve
agirhigr gibi temel agronomik ozelliklerin yani sira, iriinlerin
duyusal ve besleyici oOzellikleri gibi agronomik olmayan
ozellikleri iyilestirilerek gida endiistrisine 6nemli dl¢iide fayda
saglamistir (Es ve ark., 2019; Zhang ve ark., 2020).

Ciftlik hayvanlarinda hastaliklara kars1 direnci arttirmak ve
buna bagli olarak iiretimi gelistirmek i¢in genom diizenleme
yontemleri kullanilmaktadir (Proudfoot ve ark., 2015). CRISPR
yontemi embriyo transfer teknolojisi ile birlestirilerek hayvan
1slahinda kullanilmakta, hayvansal iiriinlerde verim ve kaliteyi
artirmanin yaninda hayvan refahinda da artis ve hastaliklara
karg1 direng saglanmasima katki sunmaktadir (Ruan ve ark.,
2017; Esen ve ark., 2020).
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Genomik seleksiyonlar, hastaliklara kars1 direncin
arttirtlmasint sagladigi gibi verimin arttirilmasinda da avantaj
saglamaktadir. Bu amagla CRISPR/Cas9 sisteminin bu alanda
kullanimu ile ilgili pek ¢ok calisma mevcuttur. Caligsmalarda
hayvanlarda alerjiye sebep olan genin inaktive edilmesinden
farelerin  sperm  kuyruklarmin  uzatilmasma, kolesterol
seviyelerinin diisiiriilmesinden karaciger kanser hiicrelerinin
azaltilmasina kadar bir¢ok aragtirma yapilmistir (Ding ve ark.,
2014; Xue ve ark., 2014; Veron ve ark., 2015; Young ve ark.,
2015). CRISPR teknolojisinde kullanilan Cas9 proteinin ¢aligma
prensibi iizerine yapilan aragtirmalar bilim insanlarma yeni
alanlarda c¢aligma firsatlart veren ve istenmeyen DNA
pargalarinin hiicre igerisinden hassas bir sekilde ¢ikarilmasinin
yaninda istenen Ozelliklerin DNA igerisine eklenmesini
saglayan bir yol olarak degerlendirilmektedir (Ruan ve ark.,
2017). Bu derlemede bircok alanda arastirmaya ve gelistirmeye
miisait olan CRISPR/Cas9 teknolojisinden, ¢iftlik hayvanlari ve
hayvan  sagliginda  kullanimi  ile  gida  alanindaki
uygulamalarindan  bahsedilecek  ayrica  kullanimindaki
avantajlari, dezavantajlari ve etik sorunlari hakkinda bilgi
verilecektir.

2. CRISPR teknolojisi / CRISPR technology

Genom diizenleme, DNA {izerinde belirlenen alanlarda
degisiklik ya da diizenlemeler yapilmasidir. Hiicrelerin
genomlarinda Ozellesmis DNA  bdoliimlerinde hedeflenen
degisiklikleri yapabilmek i¢in tasarlanan genom diizenleme,
hiicre igerisindeki DNA’nin verimli ve hatasiz sekilde
degistirilebilmesi i¢in kullanilan bir tekniktir. Bu teknigin
yaygin olarak kullanilmasinda ve arastiricilarin ilgi alani haline
gelmesinde 6zellestirilebilme kolayligt ve ¢oklu hiicre tiplerinde
uygulanmasi etkili olmustur (Ruan ve ark., 2017). Genom
diizenleme sistemi ile ilgili yapilan calismalarda ZFN ve
TALEN sistemleri en ¢ok bilinen ve kullanilan yontemlerdendi
(Deng ve ark.,, 2012). Bununla birlikte 2013 yilinda
CRISPR/Cas sistemi olarak tanimlanan, bakteriyel adaptif
immiin sistemi ve DNA baglanma proteini yerine kii¢iik rehber
RNA bulunduran sistematik yap1 iizerinde ¢ok sayida arastirma
yapilmistir (Cong ve ark., 2013; Hwang ve ark., 2013; Jinek ve
ark., 2013; Cho ve ark., 2014).

CRISPR’dan 6nce kullanilan genom diizenleme araglari
zor kullanimli, uygulanmasi zaman alan ve maliyeti yiiksek olan
uygulamalardir. DNA ¢ift zincir kiriklarini tamir etmeleri, gen
delesyonu, gen insersiyonu, nokta mutasyonlar1 ve
kromozomlarin yeniden diizenlenmesi ZFN, TALEN ve
CRISPR gibi programlanabilir niikleazlarin ortak 6zellikleridir
(Mali ve ark., 2013). ZFN ve TALEN, temelde kiiltiire edilmis
memeli  hiicrelerinde  gen  diizenlenmesi  amaciyla
kullanilmasinin yant sira viriis, bakteri, nematod, kurbaga, bitki,
bocek, fare, sigan, domuz gibi organizmalarda endojen gen
sisteminin modifiye edilmesi amactyla da kullanilmaktadir (Gaj
ve ark., 2013; Segal ve Meckler, 2013). TALEN’ler yap1
bakimindan ZFN’ye benzemekte, fakat TALEN’lerin herhangi
bir DNA dizisine gore dizayn edilebilme o6zelligi diger
niikleazlarla karsilagtirlldiginda avantaj olarak goriilmektedir.
TALEN’lerin dizayn edilmesindeki tek zorluk, hedef dizinin 5'
ucunda iki amino-terminal sifreli tekrar igeren katlanmalar
tarafindan taninan timin niikleotidine ihtiya¢ duymasidir (Miller
ve ark., 2011; Mak ve ark., 2012; Ozyigit ve ark., 2021).

Prokaryot canlilarda CRISPR olarak adlandirilan belirli
DNA bolgeleri kazanilmis bagisiklik sisteminin
olusturulmasinda ilk sirada yer alan en 6nemli unsurdur (Jansen
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ve ark., 2002; Barrangou ve ark., 2007). Ishino ve ark. (1987)
tarafindan Escherichia coli iizerinde yapilan bir calisma
sirasinda apoptoz inhibitér protein (IAP) gen dizi analizleri
yapilirken CRISPR bolgelerinin tekrarlayan palindromik
dizilerinin varlig1 belirlenmistir. Apoptoz inhibitdr protein gen
dizi analizleri sirasinda belirli tekrarlar ile karakterize yaklasik
29 niikleotid ve bu tekrar kiimelerinin arasinda bulunan yaklasik
32 niikleotidlik bolgeler (ara DNA bolgeleri) belirlenmis, fakat
tam olarak ozellikleri anlagilamamigstir. Son dénemde yapilan
caligmalar ile tekrar eden DNA bolgelerinin dizi analizleri
sonucu transpozonlarin, bakteriyofajlarin ve plazmidlerin
ekzojen genetik materyaller ile 6zdes yapiya sahip oldugu,
bununla birlikte bu tekrarlayan DNA boélgelerinin ¢ok sayida
bakteride bulundugu bildirilmistir (Bolotin ve ark., 2005).

Biyoinformatik analizler neticesinde CRISPR bolgeleri
cevresinde Cas (CRISPR Associated) adi verilen genlerin
bulundugu ve CRISPR bolgeleri ile iliskili oldugu ifade
edilmekle birlikte cogu Cas geninin helikaz ve niikleaz gen
ailelerine ait benzer Ozellik gosteren dizi gruplar igerdigi
belirtilmistir (Jansen ve ark., 2002). Bu bilgiler 1s18inda
CRISPR/Cas sistemine ait bilgilerin RNA aracili bir savunma
sisteminden kaynaklanabilecedi diisiincesi ortaya konmustur.
Barrangou ve ark. (2007)’nin yaptiklar1 ¢alisma ile bu hipotez
dogrulanmig olup, bakteriyofaj durumuna karsi CRISPR
dizilerinin ve protein yapilariin miidahalede bulundugu
ispatlanmistir. Son yillarda CRISPR/Cas mekanizmasinin, RNA
aracili miidahale yontemiyle iligkili yapmis oldugu degisiklikler
ve bu degisikliklere ait veriler biiyllk oranda agiga
kavusturulmustur (Barrangou ve ark., 2007).

CRISPR dizilerine ait bolgelerin en spesifik 6zelligi,
icerdikleri tekrarlayan kisa DNA dizileridir. Aralayici (spacer)
olarak adlandirilan DNA bdlgeleri ise palindromik DNA dizi
tekrarlarinin arasinda yer almakla birlikte, bu aralayici bélgeler
6zglin DNA dizilerinden olusturulan ve kazanilmig bagisiklik
sisteminin temel yapisini olugturan etmenlerdir (Ozyigit ve ark.,
2021).

Prokaryotik bir yapinin daha dnce karsilagsmis oldugu viriis
ile tekrar karsilasmasindan sonra bu aralayici diziler patojene
karsi tanima bolgesi olarak tepki vermekte, istilact yapiy1
ortadan kaldirmak i¢in harekete gegmektedir. Bu durum
aralayic1 bolgelerin viriis ya da plazmidlerin niikleik asit
yapilarinin ~ prokaryot  genomuna  aktarilmasi  esasina
dayanmaktadir (Barrangou ve Oost., 2013). CRISPR bolgesinde
yer alan tekrar dizileri ve boyutlar1 ¢ogunlukla korunmakta,
fakat farkli genom yapilarinda bu durum degisebilmektedir.
CRISPR lokusu iginde tekrar dizilerinin boyutlar1 21-48 baz gifti
arasindayken, aralayici bolgelerinin boyutlari 26-72 baz cifti
araliginda bulunmaktadir (Bolotin ve ark., 2005; Garneau ve
ark., 2010; Horvath ve Barrangou, 2010).

Tek bir genom tizerinde bulunan CRISPR bdlgesi bir ya da
daha fazla sayida olabilmektedir. CRISPR bdlgesinde bulunan
ve “lider dizi” olarak adlandirilan korunmus bdlgeler,
transkripsiyon yoniiniin belirlenmesine imkan saglamaktadir
(Jansen ve ark., 2002). Cas gen bolgeleri, CRISPR sistemine ait
diger 6nemli bilesendir. Cas genleri genel olarak CRISPR
sisteminin yakininda bulunmakla birlikte, prokaryotlarin
savunma sistemleri i¢in oldukg¢a 6nem arz etmektedir. Ciinkii bu
gen dizilerinin i¢inde helikaz ve niikleaz yapilarinin bulunmasi
DNA  dizilerinin a¢ilmasmma ve kesilmesine imkan
saglamaktadir. Bunun i¢in proteinlerinin niikleaz, helikaz ya da
RNA baglanma proteini seklinde fonksiyon gosterebilmesi igin
niikleik asitlerle etkilesim halinde olmasi gerekmektedir
(Makarova ve ark., 2002; Horvath ve Barrangou, 2010).
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3. Gida alaminda CRISPR Kullamm / Use of CRISPR in food

Gida bilimi hizla biiyliyen diinya niifusu icin giivenli ve
strdiiriilebilir gida retimini iyilestirmek amaciyla tim
biyolojik, kimyasal ve fiziksel siire¢leri arastiran, bir¢ok bilim
ve disiplinin arastirma faaliyetlerinin ortak alan1 olarak
tanimlanmaktadir. Gida teknolojisinde formiilasyon, isleme,
depolama ve iriin gelistirilmeye yonelik zaman i¢inde bir¢ok
farkli yontemler uygulanmistir (Selle ve Barrangou, 2015).
Gidalarda var olan mikroorganizmalarmm bazilart {iriin
prosesinde fayda saglarken bazilarimin ise zararli etkileri
nedeniyle kontrol altina tutulmalari gerekmektedir. Zararli
mikroorganizmalar gida Triinlerindeki varliklar1 ile gida
kaynakli hastaliklara ve gidalarda bozulma gibi pek c¢ok
olumsuzluga yol acarken, faydali mikroorganizmalar gidalari
uzun slire koruma ve bireylerin sindirim sisteminde diizen
saglama gibi pek c¢ok alanda kullanilmaktadir. Gidalarin
yapisinda bulunan basit karbonhidratlar, lipitler, proteinler,
mineral ve vitaminler gibi degerli substratlarin varlig1 yararl ve
zararlt mikroorganizmalarin iireme ve ¢ogalmasi ig¢in uygun
ortami saglamaktadir (Papadimitriou ve ark., 2015; Stout ve

ark., 2017).
Fermente gidalar, gida biliminin temelini olusturmakta ve
siit, et, sebzeler ve tahillar en yaygin substratlardan

sayilmaktadir. Baslangig kiiltiirleri bu substratlari ilgili iirlinlere
doniistiirmede dnemli bir rol almaktadir (Caplice ve Fitzgerald,
1999). Son zamanlarda iizerinde yogunlagilan
mikroorganizmalar ise probiyotiklerdir. Probiyotikler “yeterli
miktarda uygulandiklarinda konaga yarar saglayan canli
mikroorganizmalar” olarak tanimlanmaktadirlar (Hill ve ark.,
2014; Stout ve ark., 2017).

Baslangi¢ kiiltiirleri ve probiyotikler binlerce yildir
kullanilmaktadir, fakat bazi durumlarda bakteriyofaj
probleminden dolay1 fermentasyon islemi aksayabilmektedir.
Yapilan arastirmalarda laktik asit lireten mikroorganizmalarda
analiz edilen laktobasil genomlarmin  %62,9’unda ve
bifidobakteri  genomlarmin ~ %77’sinde =~ CRISPR/Cas9
lokuslarmin oldugu tespit edilmistir (Briner ve ark., 2015; Sun
ve ark., 2015; Stout ve ark., 2017). CRISPR/Cas9 sistemlerinin
bu mikroorganizmalarda bulunuyor olmasi faj kaynakli
fermentasyon islemlerindeki basarisizliklara engel olmak i¢in
bir bakis acist saglamaktadir. Ek olarak sus tipleme, plazmid
agilama, genom diizenleme ve antimikrobiyal aktivite
uygulamalariyla fermentasyon siireglerinde giiglii bir arag
olabilmektedir. Bu uygulamalarin birgogu her yil gida
kayiplarinin olusmasina neden olan zararli mikroorganizmalarin
kontroliinde ve yararli mikroorganizmalarin yonetilmesinde
CRISPR/Cas9  sisteminin  kullammmi ile  yapilabilecegi
degerlendirilmektedir (Scallan ve ark., 2011; Scharff, 2012;
Stout ve ark., 2017).

FDA (U.S. Food and Drug Administration-Birlesik
Devletler Gida ve ilag Dairesi), insan tiiketimi i¢in Maynard
Aqua Bounty Teknoloji tarafindan iiretilmis hizli biiyliyen
somon baliklarint onaylamis ve bu hayvanlar ilk CRISPR/Cas9
sistemi ile tiretilmis transgenik hayvanlar olarak kayitlanmistir.
Fakat bu iiretim etik olarak tartisilmakta ve bazi bilim insanlar1
bu transgenik hayvanlarin kagmasi durumunda ekolojik dengeyi
bozabileceklerini diisiinmektedir. Bu tiir endiseleri gidermek
igin ise Alabama’da bulunan Auburn Universitesi’nde bir grup
arastirmaci transgenik baliklar {izerinde iireme hormonlarimi
kontrol eden genleri CRISPR/Cas9 ile etkisiz hale getirmek igin
calismalar yapmis, sonu¢ olarak kisirlastirilmis baliklarin
poptilasyon iizerinde istenmeyen herhangi bir genetik etki
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yaratamayacagini ileri stirmiislerdir (Tan ve ark., 2013; FDA,
2015; Ledford, 2015; Reardon, 2016).

Et endiistrisinde genellikle besi hayvani olarak erkek
hayvan tercih edilmektedir. Konu ile ilgili arastirmacilar
iretimde ya sadece erkek hayvanlarin ya da daha kash disi
sigirlarin dogmasi konusunda caligmalar yapmaktadir. Ayrica
uzun boynuzlarindan dolay1 yaralanmalara sebep olan sigir
irklarinda olas1 saglik problemlerine engel olmak i¢in boynuz
kesimleri yapildigi bilinmektedir (Tan ve ark., 2013). Boynuz
kesim igleminin 6niine gegmek i¢in CRISPR/Cas9 kullanarak
boynuzsuz hayvan iiretme ¢aligmalar1 yapilmis ve dogan iki adet
buzagi bu konuda aragtirmalara konu olmustur (Tan ve ark.,
2013; Ledford, 2015; Reardon, 2016). Kanatl endiistrisinde ise
yumurtact olarak kullanilan tavuklarin  erkek civeiv
yumurtalamasina karsin, erkek embriyolarimin ultraviyole 151k
altinda parlamasi i¢in tavuklarin cinsiyet kromozomlarina yesil
floresan proteini igin bir gen eklemektedirler. Bu sayede, erkek
civcivler yumurtadan ¢ikmadan saptanabilmekte ve basta asi
tiretimi gibi farkl alanlarda kullanabilmektedirler (Tan ve ark.,
2013; Reardon, 2016).

Hayvan 1slahinda yapilan g¢alismalarda karsilagilan bazi
sorunlar bulunmaktadir. Bunlardan biri ekonomik 6zellikleri
kontrol eden gen bolgeleri arasindaki negatif korelasyonlardir.
Ornegin et verimi iyi olan bir sigirin siit verimindeki zayiflik ya
da yumurta verimi iyi olan bir tavugunun yasama stiresinin kisa
olmasi gibi durumlar yillardir bilinmektedir. CRISPR/Cas9
sistemi sayesinde bu gibi olumsuz durumlarin 1slahinin miimkiin
olacagi diistiniilmektedir. Bunlarin yami sira  giftlik
hayvanlarinda yapilacak olan genom diizenleme ¢aligmalari ile
hastaliklara kars1 direng gelistirmede, tirlin verimini ve trtinlerin
kalitesini arttirmada, yeni biyomedikal modelleri olusturmada,
adaptasyon kabiliyetini arttirmada, d6l verimini yiikseltmede,
yemden yararlanimi artirmada, kalitimsal hastaliklari tedavide
ve yeni nesle aktarimma engel olmada bir yontem olarak
kullanilmaktadir (Proudfoot ve ark., 2015). Gergeklestirilen
genom modifikasyonlart ile hayvansal gida iiretimi ve tarim
alanindaki hayvanlarin verimlerini arttirma ¢aligsmalarinin yant
sira organ nakilleri konusunda da ¢aligmalar yapilmaktadir. Bu
kapsamda domuz embriyolarina verilen insan kok hiicrelerinin
nakil bekleyen insanlara aktarimina yonelik ¢alismalar yogun
bir sekilde devam etmektedir (Hackett ve ark., 2014). Bitkilerin
tat ve besin degerlerini artirmak ya da yapilan islemler
sonrasinda aroma kaybini Onlemek, bitkilerin hastaliklara
direnglerini arttirmak ve hastaliklarin1  azaltmak, verimi
artirmak, zehirli agaglar1 gidaya dondiirmek ve gluten gibi
alerjenlerde degisimler saglamak CRISPR/Cas9’un tarim
alanindaki kullanim amaglaridir (Zhang ve ark., 2020). CRISPR
sisteminin kesfinden sonra ilk ¢alisma Feng ve ark. (2013)
tarafindan piring genomu iizerine yapilmstir. Bu ilk ¢aligmanin
ardindan sistemin uygulanabilirligi ispatlanmis olup ardindan
bugday (Wang ve ark., 2014), misir (Liang ve ark., 2014), piring
(Miao ve ark., 2013) gibi yiiksek besin degerine sahip
mahsullerde de ¢aligmalar yapilmistir.

CRISPR/Cas9 sisteminin avantajlar1 ve olumlu yonlerde
yapilan dngoriileri yaninda dezavantajlar1 ve etik problemleri de
mevcuttur. ZFN ve TALEN gibi spesifik bolgeleri hedef alan
genom diizenleme yoOntemlerine nazaran diisiik maliyetli,
tasarimi kolay ve bircok geni degistirmeye olanak saglayan bu
yontemin bitkiler ve hayvanlarda kullanimmi kisitlayan bazi
faktorler meveuttur (O’Geen ve ark., 2015). Bunlardan birisi
degisiklik yapilmasi istenen bolgeye baglanmasi istenen
yaklasik 20 bazlik gRNA’larm, genomun herhangi bir yerine
baglanabilme olasilig1 bulunmasidir (Ozyigit ve ark., 2021). Bu
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da aktarimi gergeklesen CRISPR/Cas9 sisteminin genomun
farkli bolgelerinde hedef dis1 etkilerin olma olasiligin arttirarak,
cesitli hastaliklar1 ortaya cikarabilecegi ve hedef bolgede komsu
genlerinde etkilenmesi gibi bircok problemin olugmasina sebep
olabilecegi akla gelmektedir. CRISPR’la ilgili yapilan
calismalarin ¢cogu, hedef bolgenin spesifitesini artirmak i¢in yeni
yontemler gelistirmektir. Bu sayede hedef dist etkiyi azaltarak
istenilen  degisiklikleri  ger¢eklestirmek amaglanmaktadir
(O’Geen ve ark., 2015). CRISPR/Cas9 sisteminin temast
DNA’da istenen yonde degisiklik yapmak oldugundan,
istenmeyen olas1 bir durumda organizma yarardan ziyade zarar
gorecektir. Ayrica ¢iftlik hayvanlarinda yapilmis ¢aligmalarin
hicbirinde  yetiskin ~ bir  hayvan  kullanilmamis  ve
kullanilabilecegi herhangi bir transfeksiyon metodu iistiinde
calistimamigtir (Cildir ve Ozmen 2018). Sistemin giiniimiizde
kullanilma sekli yalmizca istenilen degisiklikleri barindiran
yavrular elde etmeye olanak saglamasidir. Bir baska dezavantaj
ise embriyolara yonelik yapilan c¢aligmalarda aktarimi
gerceklesen sistemin hiicrelerin her birinde ayni zamanda
¢alismamasidir (Crispo ve ark., 2015; Peterson ve Niemann,
2015; Bevacqua ve ark., 2016; Wang ve ark., 2016; Zuo ve ark.,
2016; Niu ve ark., 2017).

Etik tartismalarin en Onemlisi gelistirilen bu ydntemin
canlilarin esey hiicrelerini manipiile etmede kullanilabilme
olasihgidir. Insan  dahil tim canli  organizmalarin
embriyolarinda  herhangi  bir &zelligin  istenen yoOnde
degistirilebilmesi hatta istenen oOzelliklere sahip bebeklerin
tasarlanabilmesi miimkiin olmaktadir (Kose ve ark., 2020).
Degistirilmesi diisiiniilen genin biitiin 6zellikleri bilinmiyor ise
bu geni inaktive etmenin bir sonraki nesilde nasil etkiler
doguracagi ongorillememektedir (Bilgi ve ark., 2016).

4. GDO ile arasindaki farklar ve yasal mevzuat / Differences
with GMO and legal legislation

CRISPR/Cas9 ile genetik olarak diizenlenmis bir
organizmanin, genetigi degistirilmis bir organizma (GDO) olup
olmadigi konusunda devam eden bir tartisma bulunmaktadir.
Son zamanlarda, ABAD (Court of Justice of the European
Union-Avrupa Birligi Adalet Divani), bu tiir iriinlerin en
azindan Avrupa Birligi'nde GDO olarak kabul edildigi kararini
almistir (Sands ve Galizzi, 2006, ABAD, 2018; Es ve ark.,
2019). GDO, kromozom boyunca rastgele konumlara entegre
edilen, bilinen fonksiyon genlerinin aktarildigi bir organizma
iken, genetigi diizenlenmis bir organizma, genomun kesin
konumlarina hedeflenen gen islevlerinin belirli degisiklikleriyle,
ekspresyonunu inaktive etmek veya iyilestirmek icin eklenen
rastgele degisikliklerden kaginan bir organizmadir (Georges ve
Ray, 2017). Bu ozelliklere sahip yeni bir teknoloji ortaya
¢iktiginda, insanlar arasinda giivenli kullanimi, diizenlenmesi ve
etik kurallari ile ilgili sorularin ortaya ¢ikmasi olasidir (Araki ve
Ishii, 2015). Fakat CRISPR/Cas9 sistemi genetigi degistirilmis
organizmalardan farkli bir durum igerir. Bu sistemin temeli
organizmada bulunan potansiyelin ortaya ¢ikarilmasi tizerinedir
ve bu durum sistemin daha kolay benimsenmesine neden olacagi
distiniilmektedir. CRISPR/Cas9 sistemiyle ilgili yapilan
caligmalar genel olarak insanlarin genetik yapisinda bulunan
kalitsal hastaliklar {izerine yogunlagmistir. Bunun nedeni olarak
kalitsal hastaliga sahip kisinin ve gelecek nesillerinin bu
hastaliktan  kurtarilabilecek olmasidir. Bununla birlikte
kompleks organizmalarda gen ifadesinin diizenlenmesi ile ilgili
asamalarin karmasikligi, bu yontemle diizeltilmeye c¢alisan
olumsuzluklarin gimdilik sadece basit kalitsal modellere sahip
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gen bolgeleriyle kisithh kalmasima neden olmaktadir (Bilgi ve
ark., 2016; ABAD, 2018).

Amerika Birlesik Devletleri'nde FDA (Food and Drug
Administration-Birlesik Devletler Gida ve Ilag Dairesi), EPA
(United States Environmental Protection Agency - Cevre
Koruma Kurumu) gibi resmi otoriteler GDO diizenlemesi,
mikroorganizma ve pestisitlerin denetim ve diizenlenmesi
gerceklestirilir (EPA, 2013; Es ve ark., 2019). Tirkiye’de ise
tarimsal biyoteknoloji yoniinden g¢alisma yapan 8 arastirma
merkezi bulunmaktadir ve bu konuda galismalar yapan ar-ge
kuruluslart ve konu ile ilgili boliimleri olan iiniversitelerde
calisan personeller yeterli alt yapiya sahiptir. Ancak var olan
yasal diizenlemeler bu konuda yetersiz kalmaktadir ve yeni
kaynaklara, yatirimlara ve bazi tesviklere ihtiya¢ duyulmaktadir.
Tirkiye’de GDO’yu ilgilendiren yonetmelik 26.03.2010
tarihinde “Biyogiivenlik Kanunu” adi altinda yiiriirliige
girmistir. Ulkemizde genetigi degistirilmis iiriinler ile ilgili
ithalatc1 firmalarmn yaptigt basvurular Tarim ve Orman
Bakanligi ¢alisanlari ve risk degerlendirme komiteleri tarafindan
biyogiivenlik kanununda bulunan kurallar kapsaminda incelenip
rapor edilmektedir. 2017°den giinlimiize kadar kanuna uygun
goriilen ve hayvansal yem olarak kullanimina izin verilen 36
cesit soya ve musir vardir (Elpe, 2021).

Avrupa Yiiksek Mahkemesi 25 Temmuz 2018 tarihinde
“Gen diizenlenmis gidalar, geleneksel genetigi degistirilmis
organizmalar1 yoneten ayni kat1 diizenlemelere tabi olmalidir”
karar1 vermistir (ABAD, 2018).

Baz1 aragtirmacilar CRISPR/Cas9 gibi yeni olan ve hassas
gen diizenleme teknolojileri  kullanilarak  olusturulan
organizmalarin, GDO’lu {irlinlerin ekimini ve satigini sinirlayan
mevcut Avrupa Birligi mevzuatindan muaf tutulmasi gerektigini
savunmuslardir (Callaway, 2018; Verma ve ark., 2021; Mali,
2022).

5. Sonug ve oneriler / Conclusion and recommendations
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