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Abstract. The aim of this study was to determine the strains of tomato yellow leaf curl virus (TYLCV)
on the tomato plants growing intensively in Adana, Mersin and Antalya provinces and also investigate the
transmissibility of virus by the vector B. tabaci biotypes in 2015 and 2017. For this purpose, unperiodical
field observations were paid in different districts of those provinces. The TYLCV infected tomato plants
and whiteflies on these plants were collected from different greenhouses and fields. The 747 samples of
tomato infected with TYLCV were tested by PCR techniques. It was determined that the strains TYLCV-
Israel, TYLCV-Sicilia, TYLCV-Sardinia and TYLCV-Mild were found to be infected via strain specific
primers. PCR study also indicated that the same strains of TYLCV were also found on the whitefly
samples collected from the infected tomato plants. DNA analyses by using specific primer Bem 23-F and
R in an individual single whitefly, due to clarification of B. tabaci biotypes, has clearly showed that
biotype B is a common vector of TYLCV in Turkey. Molecular techniques identified that Israel, Sardinia,
Sicilia and Mild strain of TYLCV were present in three tomato cultivation areas in Mediterranean
Region. B. tabaci biotype B (formerly B. argentifolii) was detected as a vector of those of strains. It was
observed that (%92) B. tabaci Biotype B and (%8) Biotype Q others were responsible for transmission as
vector of TYLC respectively. Individual viruliferous Biotype B samples examined in PCR showed that
the most determined TYLCV strain as Israel was the most common among the strains, what were
identified.

Keywords: TYLCV strains’ molecular epidemiology, Bemisia tabaci biotypes, impact on agroecology,
Turkey

Introduction

Tomato yellow leaf curl virus (TYLCV) is a member of Begomovirus genus in
Geminiviridae family causes severe crop losses in tomato cultivars up to 100%
(Czosnek and Laterrot, 1997). It has a broad host range with various plant families such
as Solanaceae (tomato, peppers, various nightshade weeds, and ornamental plants),
Malvaceae (cheeseweed) and Fabaceae (beans). TYLCV causes yellow leaf edges,
upward leaf curling, leaf mottling, small leaf, and flower drop. The infected plants in
early stages do not bear fruit and stunting, depend on seasonal conditions and cvs.
susceptibility, is observed on plants. TYLCV genome consists of circular, single-
stranded DNA (ssDNA) approximately 2.7 kb long (Gronenborn, 2007). Long-distance
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spread of TYLCV occurs primarily by movement of infected plant material or by wind
dispersal of whiteflies, acquisited the virus (Torre et al., 2018). The virus, was first
discovered in 1939 in Israel and Jordan (Avidov, 1944), was officially named Tomato
yellow leaf curl virus (TYLCV) and consists of different strains; Tomato yellow leaf
curl Israel (TYLCSV-Is), Tomato yellow leaf curl virus-Mild (TYLCV-MId), Sardinia
(TYLCV-Sa), Tomato yellow leaf curl Sicily (TYLCSV-Sic), Tomato yellow leaf curl
virus-Morocco (TYLCV-Mo), Tomato yellow leaf curl Malaga (TYLCV-Mal) Tomato
yellow leaf curl Axarquia (TYLCV-AX), Tomato yellow leaf curl China (TYLCV-Ch)
and Tomato yellow leaf curl Thailand (TYLCV-Th.) (Fauquet et al., 2008; Abhary et al.,
2006).

Since, the disease has spread rapidly to the Middle East and the Mediterranean coast,
Asia, Africa, Europe, the United States, Australia, Italy and many other countries
(Accotto et al., 2000; Boulton, 2003; Moriones and Navas-Castillo, 2000). In Turkey,
TYLCV was first discovered in Mediterranean region by Yilmaz (1978). And then it
was reported as the most devastating virus disease at tomato both in greenhouses and
the field in Turkey by Abak et al. (1991). On the other hand, presence of whiteflies was
known well in Cukurova region due to its severe damage to cotton production (Karut et
al., 2015; Satar and Ulusoy, 2016)

Whiteflies are insects belonging to family Aleyrodidae which cause direct by
phloem-feeding and indirect damage by transmission of viruses including
begomoviruses (Brown and Czosnek, 2002; Jones, 2003; Navas-Castillo et al., 2011).
The transmission of TYLCV by whiteflies is circulative semi-persistent manner. There
are several reports of whitefly presence and economic damage in Turkey (Ulusoy et al.,
2012; Bayhan et al., 2006). Morphological discrimination of whitefly biotypes is
difficult. But it is possible by using molecular methods (Papayiannis et al., 2009). Most
common whitefly biotypes in Turkey are biotype B and Q (Karut et al., 2012; Satar and
Ulusoy, 2016) similar with various reports around the world (Konjevic et al., 2018; Li et
al., 2017)

The aim of this work was to investigate of TYLCV strains epidemiology and its strict
vector Bemisia tabaci biotypes on agroecology by reliable technique such as
Polymerase Chain Reaction (PCR) in southern coast of Turkey. In fact, that there is not
any verification.

Materials and methods

Surveys were conducted in Adana and Mersin provinces having typical
Mediterranean climate in Turkey. Leaf samples from symptomatic tomato plants that
showing typical TYLCV symptoms (upward leaf curling, yellowing, distortion and
stunting) asymptomatic leaf samples as negative control and whiteflies were collected
from 245 different greenhouses which were located in several areas in south of Turkey
(Adana, Mersin, Antalya) (Fig. 1).

Total RNA isolation, polymerase chain reaction (PCR) and phylogenetic analysis

Total DNA was extracted from leaf tissues according to Scientific GeneJET Plant
Genomic DNA Purification Mini Kit. Strain-specific primers identified by Anfoka et al.
(2005, 2008) were used to determine TYLCV strains (Tables 1 and 2).

DNA extraction from an individual whitefly: Total DNA was isolated from
individual whiteflies as described by Zeidan and Czosnek (1991). In the modified
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simple procedure, individual whiteflies were ground 40 ul of DNA extraction buffer
(50 mM Thris. HCI (pH8.0), 0.5% Tween 20, 0.025 mg/ml Proteinase K) and incubated
at 65 °C for 2 h. After incubation, 20 pul 5 M potassium acetate was added and placed on
ice 5-15 min. Centrifuged 10 min and placed 50 pl of supernatant into a 1.5 ml micro
centrifuge tube. Added 30 pl cold isopropanol, mix, and hold on ice about 5 min
centrifuged 10 min, draw off and discarded most of the supernatant, added 75 ul of cold
70% ethanol, mix gently, and centrifuge 2 min, Remove and discard nearly all of the
supernatant being careful to not remove the pellets. Let pellets dry for about 10 min
then add 40 pl of sterile distilled water. These DNAs were used to identify white fly
biotypes with the codominant SCAR markers Bem-23 (Bel-Kadhi, 2008) (Table 1). The
PCR of TYLCV strains were obtained with DreamTaq Green PCR Master Mix (2X)
(K1081Thermo Scientific, Germany) according to the manufacturer’s instructions. PCR
cycle parameters were as follows: one cycle at 95 °C for 3 min; 36 cycles at 95 °C for
45 s, 1, Primer Set 52, II. Primer set 62° and Whitefly primer 55 °C for 45 s, and 72 °C
for 45 s, followed by one cycle at 72 °C for 7 min and lastly storing at 4 °C until
electrophoresis.

Figure 1. TYLVC symptoms of different strains from Turkey. A: TYLCV-Sar.; B: TYLCV-Sic; C:
TYLCV-Is; D: TYLCV-Mil.; E: TYLCV-Is + Sic.; F: TYLCV-Is + Mild; G: Surveying map of
Mediterranean area of Turkey
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Table 1. Strain -specific primer codes and sequences (5°-3°) used in identification of TYLCV
strains

Primer codes for TYLCV Sequences

TYLCV1 5-TTTTATTTGTTGGTGTTTGTAGTTGAAG-3’
TYLCV2 5-ATATTGATGGTTTTTTCAAAACTTAGAAG-3’
TYLCV3 5’-ACGTAGGTCTTGACATCTGTTGAGCTC-3’
TYLCV4 5’-AAGTGGGTCCCACATATTGCAAGAC-3’
TYLCV5 5’-ATTGACCAAGATTTTTACACTTATCCC-3’
TYLCV6 5’-ATACTTGGACACCTAATGGCTATTTGG-3’
TYLCV7 5’-TGCCTTGGACA(A/G)TGGGG(A/G)CAGCAG-3’
TYLCVS8 5’-TGGAAAGTACCCCATTCAAGAACATC-3’

Primer codes for B. tabaci biotypes Sequences
Bem-23-F 5’-CGGAGCTTGCGCCTTAGTC-3’ B Biotype 220 bp
Bem-23-R 5’-CGGCTTTATCATAGCTCTCGT-3’ Q Biotype 410 bp

Table 2. Strain -specific primer pairs for PCR and the expected PCR product sizes

Strain-specific primer pai_rs for different TYLCV Primer codes Expected product size
strains

Multiplex PCR: | primer combination
Tomato yellow leaf curl virus (TYLCV-Is) TYLCV6, TYLCV7 543 bp
Tomato yellow leaf curl virus-Sicilia (TYLCV-Sic) TYLCVS, TYLCV6 946 bp
Tomato yellow leaf curl virus-Mild (TYLCV-MId) TYLCV5, TYLCV4 316 bp

Multiplex PCR 11. primer combination
Tomato yellow leaf curl virus-lsrael (TYLCV-Is) TYLCV3, TYLCV4 634 bp
Tomato yellow leaf curl virus Sardinia (TYLCSV-Sa) |TYLCV1, TYLCV2 433 bp
Tomato yellow leaf curl virus-Mild (TYLCV-MId) TYLCV5, TYLCV4 316 bp

Analysis of PCR products

PCR reaction mixture (Ten microlitres) was combined with gel loading buffer and
analyzed on a 1.5% agarose gel containing 0.5 mg/ml of ethidium bromide and
photographed (Sambrook et al., 1989). 100 bp DNA ladder (Thermo) or Bio Marker™
Low (Bio Ventures, Inc.) were used on each gel to determine the length of the amplified
product. PCR-amplicons run at 100 V for 70 to 80 min, and the gel was stained with
ethidium bromide.

Sequence analysis

Expected PCR products from TYLCV strains were re-amplified by using Finnzymes’
Phusion® High-Fidelity DNA Polymerase enzyme and 10 pl of PCR products were
checked. Remaining PCR products were sent to Sentobiolab commercial firm and
nucleotide sequence of amplified regions were determined. Nucleotide sequences were
checked and edited by using Bioedit then checked for protein synthesis to determine the
sequences are significant or not by ExPASy programme. Valid sequences were
compared with strains of TYLCV gen bank (NCBI, National Center for Biotechnology
Information).
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Results

Surveys are conducted for collecting whiteflies and young tomato leaf samples from
symptomatic plants that are related with suspicion of TYLCV infection from Adana,
Antalya and Mersin between 2015 and 2017 (Table 3). Virus symptoms differ due to
various factors such as climate, plant variety and infection period. It is common using
indicator plants to identify the viral agent meanwhile for TYLCV, there is no practical
identification method than molecular characterization of strains due to not transmitted
by mechanic transmission. On the other hand, no symptomatic differences between
TYLCV strains were observed up to date.

Table 3. Collected virus isolate numbers and locations according to province and districts

Province Samples Province Samples Province Samples
Adana | I | 1| Antalya | | I Mersin (I R
Tuzla 11 |12 (8| Alanya | 13 | 17 | 14 Tarsus 9|18 |11
Karatag 9 |11 |12 |Manavgat | 14 | 12 | 11 Mezitli 14 | 17 | 10
Yiiregir 13 | 10 20| Serik 24 | 19 | 9 |Kocahasanli| 19 | 9 | 11
Districts Seyhan 12 | 11 {16| Merkez | 27 | 14 | 13 Erdemli 19110 | 11
Misis 8 |11 | 7 | Kemer 6 1 Silifke 18 | 13| 10
Ceyhan 10 | 10 | 9 | Kumluca | 7 8 6 Kazanli 10| 8 | 14
8 8
2 1

Yumurtalik | 10 | 14 | 10| Finike Aydmcik 7 |11

Kas Anamur 51 4

Province totals 234 255 258
Regional total samples 747

I: year 2015, II: year 2016, Ill: year 2017

PCR

Simultaneously, there are no apparent macroscopic biotype differences between
white-fly species. In autumn season, TYLCV can be monitored in every greenhouse.
Predisposition for TYLCV such as low-quality greenhouse structures, openings for
whiteflies, causes high infection rates (Table 3).

Considering the observations, 747(234: Adana, 255: Antalya, 258: Mersin) infected
plants and 852 whiteflies (274: Antalya, 216: Mersin, 362: Adana) from different
locations of the provinces were collected. Also, 91 plant samples were among them
collected from open fields in Adana (Table 4).

Determination of TYLC strains by multiplex PCR: I. Multiplex primer pairs for
TYLCV-Is, TYLCV-Sic and TYLCV-Mild; II. Multiplex primer pairs for TYLCV-Is,
TYLCV-Sar (ES) and TYLCV-MId. These multiplex sets differentiated the strains as
expected. Same multiplex sets also used for detecting TYLCV and its strains within
whiteflies. Leaf samples were studied with 25 pl PCR mixture by using 96 well plates.
For whitefly samples, 15 pl PCR mixture was used due to low concentration of DNA.

The TYLCV strain specific PCR results realized that the most common infection was
occurred by 100%. Consequently, detected as mixed between 86% TYLCV
Israel + Mild strains (Tables 4, 5, 6 and 7). Following this, 10% TYLCV-Is + TYLCV-
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Sic, TYLCV Sic + TYLCV- Sar. 4.5% mixed infection rate was approximately 20% in
Antalya, Mersin and Adana.

The sequence analysis and multiple sequence alignment were carried out using
Chromas (Technelsium DNA Sequencing Software Australia) and CodonCode
Corporation (Florida) software. The TYLCV strain specific PCR sequences were
analyzed in National Center for Biotechnology Information (NCBI) using nucleotide
BLAST. The agarose gel electrophoresis TYLCV multiplex PCR amplifications is
shown in Figures 2A, B and 3.

Table 4. Approximate number of collected plant and whitefly samples from greenhouses
from provinces

Province Total | TYLCV | TYLCV TYITCV TYLCV Tota[ B biotype| Q biotype
samples Is Mid Sic Sar whiteflies
Adana 234 234 204 5 8 362 329 33
Antalya 255 255 215 57 27 274 257 17
Mersin 258 258 225 16 14 216 201 15
Total 747 100% 86% 10% 6.5% 852 92% 8%

Table 5. TYLCV strains and whitefly biotypes in Adana

Adana Total TYLCV TYITCV TYITCV TYLCV Total B tgbaci B tgbaci
Is Mild Sic Sa B biotype |Q biotype

+ % + % |+ % |+ | % + % + | %

Tuzla 41 41 | 100 | 32 | 78 | - 0 - 0 51 46 | 91 5 9
Karatag 42 42 | 100 | 35 | 83 | 1 2 2 54 49 | 90 5 |10
Yiiregir 33 33 {100 | 30 | 91 | 2 6 3 9 57 53 | 94 4 6
Seyhan 29 29 | 100 | 27 | 93 | 2 7 3| 10 53 48 | 90 5 |10
Misis 26 26 | 100 | 24 | 92 | - 0 - 0 44 40 | 93 4 7
Ceyhan 29 29 | 100 | 26 | 91 | - 0 - 0 57 51 | 91 6 9
Yumurtalik | 34 34 | 100 | 30 | 89 | - 0 - 0 46 42 | 92 4 8
Total 234 | 234|100 | 204 | 87 | 5 2 8 |34 ] 362 [329| 9 | 33 |10

Table 6. TYLCV strains and whitefly biotypes in Antalya

Antalya | Total TYLCV TYL_CV TYL_CV TYLCV Total B tgbaci B tgbaci
Is Mild Sic Sar B biotype | Q biotype
+ % + | % | + % |+ | % + % + %
Alanya 44 44 1100 | 39 |8 | 2 |45 | 2 | 45 58 54 | 94 4 6
Manavgat | 37 37 | 100 | 30 |82 3 8 3| 8 39 36 | 93 3 7
Serik 52 52 | 100 | 49 (94| 4 | 76| 6 |115] 59 54 | 93 5 7
Merkez 54 54 | 100 | 41 (76| 11 | 20 | 6 | 11 35 34 | 98 1 2
Kemer 14 14 | 100 | 10 | 76| 9 64 | - 0 11 10 | 96 1 4
Kumluca 21 21 | 100 | 18 (89| 14 | 66 | 5 | 24 49 48 | 99 1 1
Finike 24 24 | 100 | 20 | 83| 11 | 45 | 3 |125| 13 12 | 98 1 2
Kas 9 9 [100| 8 |90| 3 33|12 22 10 9 96 1 4
Total 255 | 255 | 100 | 215 (84| 57 | 22 |27 |105| 274 | 257 |93.7| 17 | 6.3
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Table 7. TYLCV strains and whitefly biotypes in Mersin

Mersin Total TYLCV TYI__CV TYITCV TYLCV Total B tabaci B tabaci
Is Mild Sic Sar Biotype B | Biotype Q
+ % + % |+ % |+ | % + % + %
Tarsus 28 |28 100 | 25 | 89 |1|35| 1] 35 28 26 | 95 2 5
Mezitli 41 |41 ] 100 | 34 |83 |-| 0 | 2] 5 35 34 | 98 1 2
Kocahasanli | 39 | 39| 100 | 34 | 87 | 4| 10 | 3 7 32 30 | 94 2 6
Erdemli 40 |40 | 100 | 36 | 90 | 5| 12 | 4| 10 31 28 | 91 3 9
Silifke 41 | 41] 100 | 37 |91 (3| 7 | 2| 5 30 27 | 92 3 8
Kazanh 32 | 32100 | 28 |8 | -] 0 |2 6 26 25 | 99 1 1
Aydincik 26 | 26| 100 | 22 | 88 | 3 |115] - 0 24 22 | 93 2 7
Anamur 11 | 11 | 100 9 Q0 | - 0 - 0 10 9 92 1 8
Total 258 [258| 100 | 225 | 87 |16| 6.2 |14 | 54 | 216 | 201 | 93 | 15 7

Positive controls (biotype B and biotype Q) for white-fly population experiments
were provided from Israel. (Dr. A. Rami Horowitz Agricultural Research Organization,
Gilat Research Center, Institute of Plant Protection, Department of Entomology, Israel).
B biotype white-flies in Figure 4. were determined by codominant SCAR markers Bem-
23-F and Bem-23-R which was developed by Bel-Kadhi (2008).

The results show that B. tabaci biotype B (92%) is prevalent in the majority of the
surveyed sites, whereas biotype Q was only found in 8%. In each three provinces where
surveyed, Bemisia tabaci biotype B was the most common and effective vector for
TYLCV.

2. 3.4 St 8. M 11.142. 13, 14 15 16.17

A
s — — —— i — — o

TYLCV-Sic 946 bp 8. tabaci Q biotype 410 bp

8. tabaci B biotype 220bp

e A —

e
] 12

e —— e e
2 3 4. 5 06 SfaEEN S

—
TYLCV-IL 634 bp TYLCV-IL 634 bp
— — — — —ee . — ——
3 -_—

B

TYLCV-MId 316bp TYLCV-MId 316bp
—

- - - -a

Figure 2. A Strain specific PCR results for TYLCV. Left side: 1-2 From a single whitefly
TYLCV-Sic 946 bp 3-8 From infected plant TYLCV-Sic 946 bp M 100 plus bp standard DNA
ladder; 11-12 B. tabaci biotype B 220 bp;13-14 B. tabaci biotype Q (410 bp); 15-17 B. tabaci

biotype B by codominant SCAR markers Bem-23-F and Bem-23-R products with 220 bp. B
Strain specific PCR results f or TYLCV. Left side: Using Multiplex PCR set 1l 1-4 mix infection
of TYLCV-Is (634 bp) and TYLCV-MId (316 bp); Strain specific PCR 5-8 TYLCV-MId single
infection; M 100 plus bp standard DNA ladder; 9-10 TYLCV-Is (634 bp); 11-12 TYLCV-MId
single infection
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Figure 3. Strain specific PCR results for tomato yellow leaf curl Sardinia virus (TYLCSV-Sa)
433 bp

Q Biotype B Biotype
410 bp 220bp

Figure 4. Gel image of one white-fly biotyping M; Thermo Scientific GeneRuler 50 bp DNA
Ladder. Line 1,2,5,6,9,10,13,14,17,18,19 B. tabaci Biotype B (220 bp), Line 15,16 Btabaci
biotype Q (410 bp) Line 3,4 Aphis gossypii DNA samples Line 7,8; Frankliniella occidentalis
DNA; 11,12; Ceratitis capitata DNA samples

Phylogenetic analysis

In sequence comparisons (NCBI Query ID 1cl|29009), TYLCYV Israel isolate showed
97-98% similarity with Lebanon, Israel and Morocco isolates, Mild isolates showed 96-
99% similarity with Lebanon, Spain, Italy and USA isolates. Sardinia and Sicily isolates
were 94-97% similar with Italy, Spain and Morocco isolates (|JEU143755.1,
AF260331.1, FJ012359.1, EU719081.1) (Fig. 5).

Haplotype analysis was evaluated at “dnasp5.exe” programmed. When isolates from
three provinces compared, TYLCV-MId isolates were belonged a haplotype, on the
other hand, each TYLCV-Sic isolates had different haplotypes. TYLCV-Is and
TYLCV-Sa had two haplotypes as Adana and Antalya, both Mersin and Adana isolates
haplotypes were detected identical

The sequences were compared and verified in the NCBI Blast system. Verified
Sequences TYLCV-Is (MH367503, MK536596) to the NCBI system; TYLCV-MId
(MK536597); TYLCV-Sar (MK536600,) and TYLCV-Sic (MK536601, MK536602)
are registered as isolates.
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The phylogenetic analysis utilizes that the tree is separated into two main groups
(Group I and Group Il) and Group | divides to 3 subgroups. TYLCV-Mild isolate from
Turkey has a unique haplotype which is clustered in Subgroup 1C despite of showing
approximately 93-98% similarity with other isolates around the world. TYLCV Mild
isolates from Malaga, Lebanon, and Jordan are clustered in Group 1A alongside with
TYLCV-Is isolate. TYLCV-Sar and TYLCV-Sic isolates are clustered in Group 1B
with other Jordan, Italy and Spain isolates which shows that these isolates are related in
the terms of phylogenetic.

25 Q317769.1TYLCV-Spain
23 DQ317754.1TYLCV Sar-Spain

Q317771.1TYLCV-Spain
AF414089.1 TYLCV-Italy
A TYLCV-Is Turkey Antalya
EU719080.1TYLCV-laly . SubgrouplA
TYLCV-Mld Malaga
DQ995589.1TYLCV-Mild-Lebanon
|1 TYLCV- Mid Lebanon
o5 | U143752.1TYLCV-Mild-Jordan
9g FJ376387.1TYLCV-Mild-Jordan
43 TYLCV-Mild Jordon —
94, GU322871.1TYLCV Tunisia
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DQ317780.1 TYLCV Sar-Spaina
TYLCV-Malaga isolate
92 EU143746.1 TYLCV Sar-Jordan
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TYLCV- Sardinia virus Jordon
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TYLCV-Sardinia virus Jordon
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AY134494 1TYLCV Puerto Rico
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b
0.2

Figure 5. After haplotype analysis, phylogenetic trees were constructed with MEGA 7
programme. Related 24 isolates were selected by using BLAST analysis in NCBI database and
Neighbour-joining method was used TYLCV isolates from three provinces in Turkey

Discussion

With this study, TYLCV strains and whitefly biotypes were determined which are
two of the major problems of greenhouse tomato cultivation. TYLCV was observed in
almost every greenhouse especially in autumn season. Temperature changes effect
directly whitefly migration to greenhouses feeding behavior therefore TYLCV infection
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rate in greenhouses increases significantly as well its transmission. Although chemical
management starts at threshold white-fly adult population. Nevertheless, observations
showed that insecticides have not suppressed whitefly population even by rotating
insecticides with different mode of action. In addition to these, insufficient knowledge
of growers, presence of primitive greenhouse and growing conditions, no precautions
for whiteflies such as many cavities around the greenhouses are making TYLCV
infection spreading rapidly. Widespread infection causes virus to evolve more rapidly.

The most common observed strain was TYLCV-Is and TYLCV-MId mixed infection
in south coastal region of Turkey where the Mediterranean climate is dominant. On the
other hand, this is the first report of TYLCV Sic. and Sar strains Mediterranean region
of Turkey. Until the present study they have not been characterized and confirmed yet
with reliable molecular methods such a PCR analyses at Turkey. There were TYLCV-
Sic. strain infection found with general average 10% ratios where infections ratios were
6.2% Mersin, 2% Adana and 22% Antalya provinces respectively. Furthermore, there
were TYLCV-Sar infections obtained general infection rate was 6.5% where infection
ratios were 3,4% Adana, 10,5% Antalya and 5,4% Mersin respectively. Similar results
have also determined from an individual whitefly’s genomic structures had revealed
TYLCV-Sic and TYLCV-Sar strains in PCR analysis.

Greenhouse studies for whiteflies showed that biotype B was the most common with
aprox.92% average in all three provinces. Other studies about the biotypes of whiteflies
at vegetables in Turkey also support this result. Ulusoy et al. (2012) reported that for
vegetables biotype B and for cotton biotype Q are common whitefly populations.
Therefore, this supports the results about detecting 10% biotype Q in Adana province
(Karatas, Yuregir counties) where the production of cotton is widely done and after
cotton harvest, whiteflies are rushing to higher temperature such as greenhouse tomato
production areas. TYLCV transmission can be done by both B and Q biotypes however
biotype B is more effective than Q biotype (Ajlan et al., 2007; Bel-Kadhi et al., 2008;
Czosnek, 2008; Haider et al., 2017).

For detection, Multiplex PCR primer pairs and codominant SCAR markers was used
considering the expenses, time wasting and more method steps (like RLFP) was the
issue of the given methods in EPPO bulletin. This study proved that there are cheap, fast
methods which have less error rates. Also there are no TYLCV Far East Asia and Africa
strains in Turkey (Ohnishi et al., 2016). At least low incidence rate of Sardinia and
Sicily which were South European strains (Italy, Spain, Morocco, Tunisia isolates)
could be considered as positive finding of the study. Due to the fact that It is important
to further exacerbate the damage caused by the existing strains. Furthermore, it is
thought that there will be less chance of impact on the formation of undesired
recombination between strains or isolates in the ecosystem both in and around the
production area.

Conclusion

There are many ways to control TYLCV infection (Czosnek et al., 2017). Chemical
control of whitefly is not the absolute solution therefore resistance to TYLCV through
genetic means such as TY-1 and TY-3 genes (Zamir et al., 1994), TY-1 (Ji et al., 2007,
Torre et al., 2018) or Co dominant Sequence Characterized Amplified Regions (SCAR)
still are better options. Presence of many strains and multi gene controlled resistance
decreased efficiency of TY1 gene. For this purpose, to overcome like breeding

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(4):9131-9144.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1704_91319144
© 2019, ALOKI Kft., Budapest, Hungary



Fidan et al.: Tomato yellow leaf curl virus (TYLCV) strains and epidemiological role of Bemisia tabaci (Hemiptera: Aleyrodidae)
biotypes on tomato agroecology in Turkey
-9141 -

problems TY3 gene based codominant SCAR markers were developed, are supply
Marker Assisted Selection for heterozygotes resistance and also homozygote
susceptibility against to all Mediterranean isolates. Although there should be more
studies to determine which strains involve in cultivation areas due its tendency to evolve
or recombination. The strain identification has a solid importance, gives more effective
directions for breeding supplied by well-characterized TYLCV strains. This study
showed that there are at least four strains in Turkey and their contribution throughout
Mediterranean coast. Focusing on resistant cultivars and their capacity to control the
virus in Turkey as well as limiting its transmission by whiteflies could minimize
damage caused by TYLCV.

The Mediterranean line has important agricultural trade areas and all kind of
commercial products have been imported. This revealed contribution the natural
distribution and occurrence of TYLCV in areas located. Our results pointed out the
vector types with molecular techniques and sanitary conditions for TYLCV, present in
tomato fields, are transmitted by white flies. The management of these vectors are so
hard due to high reproductive ability, having broad range of hosts and ability to form
insecticides durable species or types. In addition, the presence of vector whiteflies in the
greenhouse and outside, the absence of biological and chemical control agents, takes to
higher the infection. TYLCV has been spread more and more by vectors from different
weeds to tomato are cultivated in greenhouse.

But nevertheless, TYLCV has a lower impact on production as it can be well
controlled by molecular resistance breeding in soon.

This manuscript may also indicate sources of local TYLCV strains in tomato
produced provinces. Uncontrolled distribution of B. tabaci types could be vectors of
TYLCV strains; if whiteflies migration by air-ways or plant transportations could
commence TYLCV infections at Mediterranean Countries.

The PCR technique, was standardized and successfully applied for TYLCV and B.
tabaci biotypes, put forwarded relations between virus strain and vector bio types by
Molecular assays. Therefore, Epidemiological role and feeding behaviors of Bemisia
tabaci (Hemiptera: Aleyrodidae) Biotypes’ for TYLCV strains on Tomato Agro
Ecology in Turkey, has been become well understandable as agricultural host reservoir.
Novel management strategies for disease vector complexities will be devised upon these
studies to protect sanitized and resistance plants, often depends on the activation of
vectors and pathogen (Razukas et al., 2007). Therefore, transmissibility of TYLCV
(specially mixed infections) could be prevented.

Detailed project has planned for unknown epidemiological features of the virus
vector relations (Islam et al., 2016). The determining the virus ecology and molecular
origin were another outcome of results. High successful control of TYLCV spread relies
upon easy discovery of these infections in stock planting material. All positive samples
which were detected in this study have been eradicated.

This report is unique signature step for initiating researches on impact of whitefly
vectors to the agro ecology. It is important because different virus isolates or their
strains are caused disease in different host species during whitefly migration. It is
possible that new isolates can result virus diseases in host plants even mixed or different
isolates in whiteflies will cause possible recombination. This is not possible to estimate
the adverse effects and epidemiology of the recombinants in the agricultural ecology
and in the natural ecology without observing or living.
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