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Biomolecular Relationships among Isolates of Tomato
Yellow Leaf Curl Tanzania Virus
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An investigation of the biological propertiesof the virus causingtomatoyellow leaf curl
diseasein Tanzaniawas initiated to compareit with other known tomato yellow leaf
curl viruses. Propertiesrelating to acquisitionand inoculation feedingtime, persistence,
mechanicalinoculation,seedtransmissionand host rangewere studied. Resultsobtained
indicatethat the virus wastransmittedpersistentlyby Bemisia tabaci Genn.,but it wasnot
mechanically, sap-or seed-transmissible.Minimum acquisitionandinoculationfeedingtime
was30 min. Capsicum annuum, Datura stramonium, Nicotiana glutinosa, N. tabacum and
Lycopersicon esculentum werefoundto behostsof thevirus amongtheplantspeciestested,
whereasPhaseolus vulgaris wasnot. It is concludedthatthepropertiesof theagentcausing
yellow leaf curl symptomsin tomatoplantsfrom differentregionsin Tanzaniaaresimilar to
thoseof Tomato yellow leaf curl Sardinia virus speciesstudiedelsewhere.
KEY WORDS:Begomovirus; Bemisia tabaci; phylogeny; Tanzania;TYLCV; vector–host
relationships.

INTRODUCTION

Geminiviruses are a constant threat to crop plants worldwide, especially in the
tropics and subtropics. Tomato yellow leaf curl virus (TYLCV), a species of the genus
Begomovirus, is a major threat to the tomato crop in many tropical and subtropical regions
(17). It accounts, to a larger extent, for the huge losses in quantity and quality of tomatoes.
Incidences of as high as 100% with undesirable consequences of crop failure have been
recorded (15,18,23,28,30). The disease has been known for a long time in the Middle East,
Africa and Asia, but it is fast spreading to areas with favorable weather conditions for the
vector, the virus and tomato production.

In Tanzania, East Africa, the disease is one of the major virus diseases responsible
for low yields of tomatoes, especially in farmers’ fields. In some regions of the Tanzania
mainland, Tomato yellow leaf curl Tanzania virus (TYLCTZV) incidence is as high as
100% (24). One of the viruses causing the yellow leaf curl symptoms on tomatoes in
Tanzania is reported to be different from the Old World geminiviruses (7). However, it is
the general opinion that many viruses/strains can be responsible for the symptoms observed
on tomatoes, or that a distinct virus strain is involved.
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A study of the biological relationships of the disease agent with its vector and plant
hosts was initiated. This paper reports the results of this investigation, and comparison of
some of the virus characteristics with TYLCV strains reported elsewhere.

MATERIALS AND METHODS

Maintenance of vector and virus cultures The Bemisia tabaci colony and virus cultures
were established and maintained in the screenhouse at Sokoine University of Agriculture,
Tanzania, East Africa. Tomato fields in six regions of Tanzania (Dodoma, Arusha,
Kilimanjaro, Iringa, Dar es Salaam and Morogoro) were visited. The regions were selected
based on differences in TYLCTZV incidence (24). Young tomato shoots with typical
yellow leaf curl symptoms suggestive of TYLCTZV infection were collected and grafted
onto tomato seedlings, cv. ‘Moneymaker’, maintained in the screenhouse to serve as a
source of virus cultures.

To establish the B. tabaci colony, the insects were reared in insect-proof cages following
procedures described by Brown and Nelson (3), Czosnek et al. (10) and Rom et al. (31),
with slight modifications based on instructions obtained from the International Centre
for Insect Physiology and Ecology (ICIPE), Nairobi, Kenya. About 50 adult whiteflies
were collected from field-grown tomato plants using an electronic aspirator. These were
transferred into vials and chilled in the refrigerator (4

�
C) for 5–10 min. The chilled

whiteflies were then transferred to the leaves of young tomato seedlings maintained in
insect-proof cages in the screenhouse, and confined in 5-cm-diam clip cages on the
underside of the leaves. After 2–3 h of confinement to allow for oviposition, the clip cages
were removed. The whiteflies were allowed to develop on the plants, which were checked
and tested periodically to be sure they were free from virus infection.

Transmission studies Studies to determine the transmission efficiency of the viral
isolates were conducted using whiteflies from the established colony. Five seedlings of
the TYLCTZV-susceptible tomato cv. Moneymaker were used as assay hosts per test per
isolate, and replicated three times.

Vector transmission Adult B. tabaci (not more than one week old) from the non-
viruliferous colony were allowed an acquisition feeding period (AAP) of 48 h on the tomato
plants infected with each isolate. They were then transferred in groups of 15 using an
electronic aspirator to healthy tomato seedlings cv. Moneymaker at the two-leaf growth
stage. Graft-inoculated tomato plants with prominent yellow leaf curl symptoms were used
as sources of inoculum. After an inoculation access feeding period (IAP) of 24 h, the
seedlings were sprayed with Karate EC (a.i.

�
-cyhalothrin) to kill the whiteflies. The

plants were monitored under screenhouse conditions (25 � 5
�
C, 72.4% r.h.) and symptoms

of virus infection were recorded at weekly intervals for 4 weeks. The ability to transmit the
six virus isolates was tested with whiteflies from the same colony. Triple antibody sandwich
enzyme-linked immunosorbent assay (TAS-ELISA), described by Pico et al. (29), was used
to check for virus presence in inoculated plants.

Virus–vector relationships

Acquisition Access Period (AAP). Groups of one-week-old adult non-viruliferous B.
tabaci were allowed acquisition access feeding periods of 10 min, 30 min, or 1, 2, 4, 8, 16,
24 or 48 h before being transferred to indicator plants for a 3-day IAP. Fifteen whiteflies
were transferred to each plant and 15 plants were used per trial.
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Inoculation Access Period (IAP). To determine the inoculation access feeding time, the
whiteflies were given AAP feeding of 24 h on tomato plants infected with each TYLCTZV
isolate, and transferred to indicator plants for an IAP of 10 min, 30 min, or 1, 2, 4, 8, 16, 24
or 48 h. The same number of plants and whiteflies (of the same age) per plant were used as
in AAP. The whiteflies were killed with Karate EC at the expiration of each IAP.

Persistence of TYLCTZV Non-viruliferous B. tabaci were caged for 48 h on tomato
plants infected by the TYLCTZV isolates. Thereafter, the viruliferous whiteflies were
moved in daily serial transfers to healthy tomato plants. Some insects died during the
daily transfers so that at the end of the trial, only 1–2 insects in each group survived.
The indicator plants were sprayed with Karate EC and maintained in the screenhouse for
symptom development.

Host range The host range study included plant species that had been used previously
for the identification of whitefly-transmitted diseases of tomatoes (1,8,15,16). Seeds of test
plants were sown in 30-cm-diam pots and thinned to five plants per pot for host range and
for back-indexing inoculations, respectively. Inoculation was done using adult whiteflies
not more than one week old. After allowing the whiteflies to acquire the virus for 48 h on
tomatoes infected with each virus isolate, 15 viruliferous whiteflies were transferred to each
test plant for inoculation feeding periods of 24 h. For back-transmissions from inoculated
test plants, tomato cv. Moneymaker was used as an indicator host. Symptom assessment
was done 2 weeks after inoculation.

Mechanical transmission Mechanical transmission tests were conducted as described
by Ioannou (15) and Brown and Nelson (3). Infected leaf tissues from the topmost leaves
were macerated in a mortar and pestle in 0.01M phosphate buffer, pH 7.4 (1:10 w/v),
1.0% polyvinyl pyrrolidone (PVP-40). The sap obtained was inoculated by rubbing the
leaves of test plants pre-dusted with carborundum powder. Five plants each of tomato cv.
Moneymaker, Datura stramonium L. and Nicotiana tabacum L. were rub-inoculated in
each of three experiments. Non-inoculated plants were kept as controls. The plants were
maintained in the screenhouse for symptom development and observation.

Virus detection TAS-ELISA Commercial polyclonal and monoclonal antisera (Adgen
Diagnostic Systems, Ayr, Scotland) were used to detect TYLCTZV. TAS-ELISA was
adopted as described by Pico et al. (29). Polyclonal antibody (PAb) was diluted 1:1000
� l (v/v) in carbonate buffer, pH 9.6 and incubated at 37

�
C for 4 h to coat for viruses.

After incubation and washing with phosphate buffered saline-Tween 20 (PBS-T), pH 7.2,
100 � l of each test sample ground in extraction buffer, pH 8.5 (1:10 w/v), was added and
incubated overnight at 4

�
C. Monoclonal antibodies, SCRI 17, SCRI 20, SCRI 23 and SCRI

33 diluted in conjugate buffer, were used as probe antibodies. The conjugate goat anti-
mouse alkaline phosphatase (GAM-PAL) was added to the test wells, and the substrate
(p-nitrophenyl phosphate) was used to detect reactions. After incubation for 1 h, the plates
were assessed visually and by spectrophotometer (405 nm) reader. ELISA readings were
rated as described by McGrath and Harrison (22) to compare reaction strengths.

Amplification of viral DNA Putative viral DNA was extracted from each of the six
isolates by phenol-chloroform procedures described by Sambrook et al. (34). The extracted
DNA was amplified using the polymerase chain reaction (PCR). One � l of extracted DNA
was added to each tube containing the PCR mix in a total reaction volume of 20 � l. The
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PCR master mix contained 0.4 � l of dNTP mix, 4 � l of Q-reagent, 0.25 � l of Taq, 2 � l of
10 � PCR buffer and 1 � l each of primer OTYA 2 (5-GTGAATCCCCAGTTCCTTCCT-3’)
and OTYA 6(5’-CTACATGAGAATGGGGAACC-3’). PCR was carried out for 32 cycles,
consisting of 95

�
C, 5 min; 55

�
C, 1 min; and 72

�
C, 2 min. Reaction products were analyzed

by electrophoresis on 1% agarose gels in Tris–borate–EDTA buffer, pH 8.0.

Cloning of PCR-amplified viral DNA After phenol–choloroform extraction and ethanol
precipitation, the PCR fragments were ligated to the pBluescript II KS

�
plasmid vector

(Stratagene). This was used to transform competent Escherichia coli strain JM 83 cells by
electroporation. Colonies containing the inserts were selected for further characterization
(34).

Nucleotide sequencing and analysis Cloned viral DNA fragments were sequenced
using the Li-Cor DNA Sequencer (MGW-Biotech AG, Ebersberg, Germany). Nucleotide
sequences were assembled using the program manual of the Li-Cor GCG package. The
BLAST program (http://www.nbci.nlm.nih.gov/BLAST) was used to search the Genebank
database for viruses with similar sequences.

The CLUSTAL function of the Vector NTI.5 software was used to establish the
phylogenetic relationships of the sequenced fragment with other geminiviruses. The
geminiviruses used for phylogenetic analysis were: Abutilon mosaic virus (AbMV)
(X15983), African cassava mosaic virus-[Ivory Coast] (ACMV-[IC]) (AF259894), African
cassava mosaic virus-[Kenya] (ACMV-[KE]) (J02057), African cassava mosaic virus-
[Nigeria] (ACMV-[NG]) (X17095), Bean dwarf mosaic virus (BDMV) (M88180), Bean
golden mosaic virus (BGMV) (M88686), Bean golden yellow mosaic virus-[Dominican
Republic] (BGYMV-[DO]) (L01635), Bean golden yellow mosaic virus-[Guatemala]
(BGYMV-[GT]) (M91604), Beet curly top virus-California (BCTV-Cal) (M24597), Indian
cassava mosaic virus (ICMV) (Z24758), Cotton leaf curl Multan virus-Faisalabad1
(CLCuMV-Fai1) (X98995), Squash leaf curl virus (SLCV) (M38182), Potato yellow
mosaic virus-[Tomato] (PYMV-[Tom]) (AF026553), Tomato leaf curl Laos virus (ToL-
CLV) (AF195482), Tomato mottle virus-[Florida] (ToMoV-[FL]) (L14460), Tomato golden
mosaic virus-Common (TGMV-Com) (M73794), Tomato leaf curl New Delhi virus-[Mild]
(ToLCNdV-[Mld] (U15016), Tomato leaf curl virus (ToLCV) (S53251), Tomato yellow
leaf curl Sardinia virus (TYLCSV) (X61153) and Tomato yellow leaf curl virus (TYLCV)
(X15656).

RESULTS

Vector transmission Whitefly transmission of the TYLCTZV disease to healthy tomato
plants was achieved with all the six isolates collected from infected regions. The highest
virus incidence was recorded for the Dodoma isolate, followed by the Morogoro isolate.
These two isolates, followed by the one isolate from Dar es Salaam, were the most severe
(severity scores of 3.62, 3.21 and 3.12, respectively), while the Arusha and Iringa isolates
were mild (Table 1).

Virus–vector relationships The minimum AAP for transmission of the virus test isolates
was 30 min, except for the Moshi and Iringa isolates, which were transmitted after
acquiring the virus for 1 h (Table 2). Similarly, the virus isolates were transmitted after
30 min following a 24 h AAP. Thereafter, transmission increased with an increase in AAP
and IAP. Maximum transmission was achieved after an AAP and IAP of 24 h each for the
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TABLE 1. Transmissionef®ciency of Tomato yellow leaf curl Tanzania virus isolatesby white¯ies

Virus isolate Transmission
Rate � Incidence

�
(%) Severity

�

Arusha 12/15 80.0cd
�

2.71ab
Moshi 11/15 73.33d 2.0b
Dodoma 15/15 100.0a 3.62a
Morogoro 14/15 93.33ab 3.21a
Iringa 12/15 80.0cd 1.92b
Dar es Salaam 13/15 86.67bc 3.12a
CV (%) 2.85 8.08
S.E. 0.07 0.02

� Number of plants infected /number of plants tested.�
(Number of plants infected /number of plants tested) � 100.�
Severity assessed on a scale of 0–4 (12).�
Within columns, means followed by a common letter do not differ significantly (P=0.05).

TABLE 2. Effect of acquisitionaccesstime (AAP) on the transmissionof Tomato yellow leaf curl
Tanzania virus isolates
Virus isolate AAP

10 min 30 min 1 h 2 h 4 h 8 h 16 h 24 h 48 h
Arusha 0/15 � 1/15 3/15 6/15 6/15 9/15 12/15 12/15 15/15
Moshi 0/15 0/15 2/15 6/15 6/15 11/15 12/15 12/15 15/15
Dodoma 0/15 2/15 4/15 6/15 7/15 12/15 13/15 15/15 15/15
Morogoro 0/15 2/15 3/15 4/15 7/15 11/15 13/15 15/15 15/15
Iringa 0/15 0/15 2/15 5/15 6/15 8/15 11/15 11/15 15/15
Dar es Salaam 0/15 1/15 3/15 5/15 6/15 9/15 12/15 12/15 15/15

� Number of plants infected/number of plants tested.

Dodoma and Morogoro isolates. The other virus isolates were transmitted to all test plants
when the insects were allowed an IAP of 24 h (Table 3).

After a 24-h AAP, the whiteflies retained the ability to transmit the virus for up to 11
days for the Dodoma and Morogoro isolates. There was a gradual decline in the number
of plants showing symptoms after the fourth day of transfer except for the Morogoro and
Dodoma isolates, whose decline started after the fifth day (Table 4).

Host range The results of the experimental host range study are summarized in Table
5. Of the plant species tested, Gossypium hirsutum, Solanum melongena, Phaseolus
vulgaris, Glycine max and Solanum tuberosum were not infected by any of the TYLCTZV
isolates used in this study, while the virus was able to infect D. stramonium, Nicotiana
glutinosa, N. tabacum and L. esculentum. A test plant was considered to be a host of the

TABLE 3. Effect of inoculationaccessperiod(IAP) on thetransmissionof Tomato yellow leaf curl
Tanzania virus isolates
Virus isolate IAP

10 min 30 min 1 h 2 h 4 h 8 h 16 h 24 h 48 h
Arusha 0/15 � 2/15 4/15 7/15 9/15 11/15 13/15 15/15 15/15
Moshi 0/15 2/15 3/15 5/15 8/15 9/15 12/15 15/15 15/15
Dodoma 0/15 2/15 5/15 8/15 10/15 13/15 15/15 15/15 15/15
Morogoro 0/15 2/15 4/15 7/15 9/15 12/15 15/15 15/15 15/15
Iringa 0/15 1/15 3/15 6/15 8/15 9/15 11/15 15/15 15/15
Dar es Salaam 0/15 1/15 2/15 7/15 9/15 9/15 13/15 15/15 15/15

� Number of plants infected/number of plants tested.
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TABLE 4. Comparativepersistenceof theTomato yellow leaf curl Tanzania virus isolatesin Bemisia
tabaci (dataarenumberof testplantsinfectedoutof ®ve)

Virus isolate Number of days
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Arusha 3 5 5 5 4 4 2 2 1 1 0 0 0 0
Moshi 4 5 5 5 3 3 2 1 1 0 0 0 0 0
Dodoma 5 5 5 5 5 4 3 2 1 1 1 0 0 0
Morogoro 5 5 5 5 5 4 3 2 1 1 1 0 0 0
Iringa 4 5 5 5 4 2 2 1 1 0 0 0 0 0
Dar es Salaam 5 5 5 5 4 3 2 1 1 0 0 0 0 0

TABLE 5. Reactionof differentplantspeciesto inoculationwith Tomato yellow leaf curl Tanzania
virus isolates
Test plant Symptoms � /Back-indexing results

�

Virus isolate
Arusha Moshi Dodoma Morogoro Iringa Dar es

Salaam
Gossypium hirsutum L. ns/- ns/- ns/- ns/- ns/- ns/-
Capsicum annuum L. m,mo,vc/+ m,mo,vc/+ m,mo,vc/+ m,mo,vc/+ m,mo,vc/+ m,mo,vc/+
Datura stramonium L. s,mo,lc/+ s,mo,lc/+ s,mo,lc/+ s,mo,lc/+ s,mo,lc/+ s,mo,lc/+
Nicotiana glutinosa L. m,lc/+ m,lc/+ m,lc/+ m,lc/+ m,lc/+ m,lc/+
Nicotiana tabacum L. ns/+ ns/+ ns/+ ns/+ ns/+ ns/+
Solanum melongena L. ns/- ns/- ns/- ns/- ns/- ns/-
Solanum tuberosum L. ns/- ns/- ns/- ns/- ns/- ns/-
Phaseolus vulgaris ns/- ns/- ns/- ns/- ns/- ns/-
Glycine max ns/- ns/- ns/- ns/- ns/- ns/-
Arachis hypogaea ns/- ns/- ns/- ns/- ns/- ns/-
Lycopersicon esculentum s,lc,y/+ s,lc,y/+ s,lc,y/+ s,lc,y/+ s,lc,y/+ s,lc,y/+

� ns, no symptoms; m, mild symptoms; s, severe symptoms; lc, leaf curling; mo, mottle or mosaic; vc, vein
clearing; y, yellowing.�

+ host; - non-host.

virus isolates if characteristic TYLCTZV symptoms were observed on the tomato variety
Moneymaker, which was used as the indicator plant after inoculation of the test plants and
back-transmission with B. tabaci.

Mechanical transmission Characteristic TYLCTZV symptoms did not develop on all
mechanically inoculated test plants. Addition of PVP-40 in the inoculation buffer to
improve transmission did not result in mechanical inoculation of TYLCTZV. To confirm
these findings, the test plants were back-indexed using B. tabaci. Symptoms of TYLCTZV
did not develop. Similarly, none of the plants tested reacted with both the PAb and the
monoclonal antibody (MAb) probes (Table 6).

When the virus isolates were tested with both PAb and MAbs, different reaction
strengths were recorded (Table 7). The maximum reaction signal was observed in all the
isolates tested against the PAb. However, only the Arusha and Dodoma isolates produced
maximum reaction signals against MAbs SCRI 20 and 23.

Molecular analysis Using the primer pair OTYA 2 and OTYA 6, the predicted 1.2 kb
PCR product was amplified from the TYLCTZV isolates (Fig. 1). This 1.2 kb was
expected to include the 5’ end of the replication-associated (rep) genes, coat protein
genes, and the intergenic region. The Vecror NTI.5 software was used to analyze virtual
restriction fragment patterns generated by a panel of restriction endonuleases. AluI
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Fig. 1. PCR-ampli®edviral DNA from Tomato yellow leaf curl Tanzania virus isolatesusingprimer
pair OTYA 2 andOTYA 6. M = marker (Hind III-digested

�
-DNA); 1, 2 = Dodoma;3, 4 = Arusha;

5, 6 = Morogoro; 7, 8 = Dar esSalaam;9, 10 = Moshi; 11, 12 = Iringa; 13 = TYLCV-Sar; 14 =
TYLCI-Is.

Fig. 2. Restrictionfragmentlengthpolymorphismanalysisof viral DNA from Tomato yellow leaf
curl Tanzania virus isolates. M = 1 Kb ladder;1 = healthy tomatoleaf tissue;2 = Dodoma;3 =
Arusha;4 = Morogoro;5 = DaresSalaam;6 = Iringa.

restriction endonuclease was chosen for restriction fragment length polymorphisms (RFLP)
analysis, based on its predicted ability to generate differential RFLP patterns from three
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Fig. 3. Phylogeneticrelationshipof Tomato yellow leaf curl Tanzania virus (TYLCTZV) compared
with othergeminiviruses.

TABLE 6. Mechanicalinoculationof hostplantswith Tomato yellow leaf curl Tanzania virus isolates

Virus source Number of plants tested/number with symptoms OD at A ��������� �
Tomato D. stramo-

nium
N. tabacum Tomato D. stramo-

nium
N. tabacum

Arusha 15/0 15/0 15/0 0 0 0
Moshi 15/0 15/0 15/0 0 0 0
Dodoma 15/0 15/0 15/0 0 1 0
Morogoro 15/0 15/0 15/0 0 0 0
Iringa 15/0 15/0 15/0 0 0 0
Dar es Salaam 15/0 15/0 15/0 0 0 0

� Reaction of leaf extracts with polyclonal antibody measured at A �	�����
� : 1 = 0.3–0.6; 0 = � 0.3.

TYLCV sequences in the GenBank database [TYLCSV (accession no. X61153), TYLCV
(accession no. X15656) and Tomato yellow leaf curl Thailand virus-[1] (TYLCTHV-[1]
(accession no. X63015)].

The RFLP patterns generated from the Tanzanian isolates are shown in Figure 2. These
bands were consistently produced. However, the most numerous and faint bands were
lost during photo reproduction; hence, they are not visible in Figure 2. Sequence data
did not show any variation among the TYLCTZV isolates at the nucleotide or amino
acid levels. However, when the nucleotide sequences of the clones were compared with
those of other geminiviruses, there was 100% nucleotide identity, but 98% amino acids
identity in the rep protein gene with TYLCSV. Similarly, there was 95%, 88% and 97%
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TABLE 7. Resultsof TAS-ELISA testsshowing absorbancevaluesof Tomato yellow leaf curl
Tanzania virus isolates
Virus isolate Absorbance values at A ��������� �

PAb
�

SCRI 17 SCRI 20 SCRI 23 SCRI 33
Arusha 4 2 4 4 2
Moshi 4 2 3 2 2
Dodoma 4 3 4 4 2
Morogoro 4 2 3 2 2
Iringa 4 2 2 3 2
Dar es Salaam 4 2 3 2 2
Infected control 4 4 4 4 3
Healthy control 0 0 0 0 0

��� �	���	��� : 4 = � 1.8; 3 = 1.21–1.8; 2 = 0.61–1.2; 1 = 0.3–0.6; 0= � 0.3.�
PAb=polyclonal probe for detecting geminiviruses.

nucleotide identity in the rep protein, intergenic region, and coat protein, respectively,
when the sequences were compared with the published sequence (U73498) of TLCTZV.
An alignment of approximately 1200 nucleotides was used to construct a dendogram of
21 geminiviruses. The TYLCTZV was basically the same as TYLCSV, and most closely
related to TYLCV (Fig. 3).

DISCUSSION

Results of the current study indicated that TYLCTZV was successfully transmitted
to healthy tomato plants by the whitefly vectors. All virus isolates used in the study
caused disease incidence above 80%. The high TYLCTZV incidence levels caused by
the Dodoma and Morogoro isolates corresponded with observations made during disease
sample collection. It was also reported by farmers that the main tomato varieties grown in
Dodoma and Morogoro were Moneymaker and ‘Roma VF’. In these areas, TYLCTZV
incidences of 100% and 95%, respectively, had been reported on these varieties (2).
Moreover, the use of variety Moneymaker as the assay host was compatible with the scions
taken from the same variety. In Moshi and Arusha, the tolerant variety ‘Tengeru 97’ was
most commonly cultivated on the farms visited, whereas in Iringa and Dar es Salaam, a
combination of Roma VF and Cal-J was the common one.

Attempts to transmit the virus mechanically and through seed were not successful.
Cohen and Nitzany (8), Ioannou (15) and Brown and Nelson (3) reported similar findings.
These results support the fact that the yellow leaf curling symptoms caused by the
TYLCTZV isolates were not induced mechanically.

The minimum AAP and IAP was 30 min for each of the TYLCTZV isolates used.
A minimum AAP of 1 h was reported for Chino del tomate virus (CdTV), a whitefly-
transmitted virus (3). Mansour and Al-Musa (19) reported a minimum AAP of 1 h for
TYLCV. The increase in the number of infected plants with increasing AAP, could have
been due to increased probability in the number of vectors transmitting the TYLCTZV
isolates. The ability of the whiteflies to retain the virus for 10–11 days after acquisition was
an indication of a persistent type of relationship between the virus and the host. Similar
observations have been reported elsewhere (8,33).

The reaction to TYLCTZV isolates of the various plant species tested was similar to
results reported earlier (6,15,16,20,21,26,37). However, unlike TYLCV (8), TYLCTZV
isolates did not infect P. vulgaris, which has been reported as a non-host of TYLCSV (4).
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In the TAS-ELISA, all the TYLCTZV isolates gave strong reactions with the polyclonal
antibody. However, it was the Arusha and Dodoma isolates of TYLCTZV that gave
maximum reaction signals when tested with SCRI 20 and 23 (Table 7), indicating a closer
relationship to the European strains of TYLCV. SCRI 20 and 23 have been used for the
detection of the European strains of TYLCV (22). The European isolates are reported to
be identical in sequence with the Eastern Mediterranean viruses. However, this sequence
identity decreases with increasing geographical distance (5,9,25).

The viral DNA was extracted and amplified from the TYLCTZV samples using the
primer pair OTYA 2 and OTYA 6. These primers had been used to amplify viral DNA
from other geminiviruses. The digestion of the PCR product by AluI endonuclease and
analysis by RFLP revealed consistent bands that did not arise from chance variation during
the PCR stage. The patterns did not appear to be generated from partial digestion by Alu1
either. Furthermore, the changes in the AluI sites predicted by the sequences, correlated
with the RFLP patterns that were observed. Consistency in RFLP patterns suggests that the
isolates are similar.

Phylogenetic analysis is an important tool that has been used to establish ancestral
relationships among geminiviruses, and it is critical for virus taxonomy. Complete viral
genomes or sequences are very often used for this purpose. A partial nucleotide sequence
is also useful for geminivirus species identification where complete sequences are not
available. Padidam et al. (27) suggested the use of 5’ end of the coat protein to show
relationships among geminiviruses. Fariah et al. (11) showed the same clustering using
the complete gene sequences. Using 450 nucleotides of the rep gene and common region,
Roye et al. (32) established phylogenetic relationships between the Western Hemisphere
and several weed-infecting geminiviruses from Jamaica.

The TYLCTZV is closely related to the Mediterranean monopartite geminiviruses.
Phylogenetic analysis placed it with TYLCSV. Clustering of geminiviruses is sometimes
dependent upon the part of the genome used for analysis. This has been reported for
the bipartite geminiviruses Cabbage leaf curl virus (13), Beet curly top virus (14,27,35)
and Pepper huasteco yellow vein virus (36). Both sequence comparison and phylogenetic
analysis showed that TYLCTZV is identical to TYLCSV. Similarly, results from host range
studies indicated that TYLCTZV isolates did not infect P. vulgaris. This has been reported
to be true for TYLCSV (4). Hitherto, the Mediterranean strains of TYLCV have been
considered to be prevalent in Tanzania. The RFLP analysis did not reveal variation among
the TYLCTZV. Sequence data of the viral clones from the isolates did not differ either;
hence, they are considered biologically and genetically similar. They were also almost
identical to only the coat protein (99%) of TLCTZV.

ACKNOWLEDGMENTS

We gratefully acknowledge the award of an ANSTI-DAAD scholarship to B.D. Kashina. The authors are also
grateful to Prof. Dr. H. Jeske for providing laboratory space, facilities and supervision for the molecular aspect of
this study. We are indebted to Juan Jovel for technical assistance and guidance with molecular techniques. ELISA
studies were done in the laboratory of the Tanzania Official Seed Certification Agency (TOSCA). The authors
acknowledge the support provided by TOSCA. We gratefully acknowledge the comments and suggestions of the
anonymous reviewers, which were vital to improving the contents of this paper.

Phytoparasitica 31:2,2003 197



REFERENCES

1. Al-Musa, A. (1982) Incidence, economic importance and control of tomato yellow leaf curl in Jordan. Plant
Dis. 66:561-563.

2. AVRDC. (1994) Tomato diseases in Tanzania: Identification, disease incidence and distribution. Report Asian
Vegetable Research and Development Centre, Shanhua, Tainan, Taiwan. pp. 478-482.

3. Brown, J.K. and Nelson, M.R. (1988) Transmission, host range and virus-vector relationships of chino del
tomate virus, a whitefly-transmitted geminivirus from Sinaloa, Mexico. Plant Dis. 72:866-869.

4. Brunt, A.A., Crabtree, K., Dallwitz, M.J., Gibbs, A.J., Watson, L. and Zurcher, E.J. (1996) Viruses of Plants:
Description and Lists from VIDE Database. CABI International, Wallingford, UK.

5. Canto, T., Tostado, J.M., Gilardi, P., Garcia-Luque, L., Diaz-Ruiz, J.R. and Serra-Yoldi, M.T. (1994)
Geminivirus detection in plant samples from field cultures. Abstr. 1st Int. Symp. on Geminiviruses (El-Ejido,
Almeria, Spain), p. 77.

6. Cherif, C. and Russo, M. (1983) Cytological evidence of the association of a geminivirus with the tomato
yellow leaf curl disease in Tunisia. Phytopathol. Z. 108:221-225.

7. Chiang, B.T., Nakhla, M.K., Maxwell, D.P., Schoenfelder, M. and Green, S.K. (1997) A new geminivirus
associated with a leaf curl disease of tomato in Tanzania. Plant Dis. 81:111.

8. Cohen, S. and Nitzany, F.E. (1966) Transmission and host range of the tomato yellow leaf curl virus.
Phytopathology 56:1127-1131.

9. Crespi, S., Accotto, G.P., Caciagli, P. and Gronenborn, B. (1991) Use of digoxigenin-labelled probes for
detection and host range studies of tomato yellow leaf curl geminivirus. Res. Virol. 142:283-288.

10. Czosnek, H., Ber, R., Navot, N. and Zamir, D. (1988) Detection of tomato yellow leaf curl virus in lysates of
plants and insects by hybridization with a viral DNA probe. Plant Dis. 72:949-951.

11. Fariah, J.C., Gilbertson, R.L., Hanson, S.F., Morales, F.J., Ahlquist, P., Loniello, A.O. et al. (1994) Bean
golden mosaic geminivirus type II isolates from the Dominican Republic and Guatemala: Nucleotide
sequences, infectious pseudorecombinants, and phylogenetic relationships. Phytopathology 84:321-329.

12. Friedmann, M., Lapidot, M., Cohen, S. and Pilowsky, M. (1998) A novel source of resistance to tomato
yellow leaf curl virus exhibiting a symptomless reaction to viral infection. J. Am. Soc. Hortic. Sci. 123:1004-
1007.

13. Hiebert, E., Abouzid, A.M. and Polston, J.E. (1995) Whitefly-transmitted geminiviruses. in: Gerling, D.
and Meyer, R.T. [Eds.] Bemisia 1995: Taxonomy, Biology, Damage, Control and Management. Intercept,
Andover, UK. pp. 277-288.

14. Howarth, A.J. and Vandemark, G.J. (1989) Phylogeny of geminiviruses. J. Gen. Virol. 70:2717-2727.
15. Ioannou, N. (1985) Yellow leaf curl and other virus diseases of tomato in Cyprus. Plant Pathol. 34:428-434.
16. Makkouk, K.M. (1978) A study on tomato viruses in the Jordan valley with special emphasis on tomato

yellow leaf curl. Plant Dis. Rep. 64:259-262.
17. Makkouk, K.M. and Latterot, H. (1983) Epidemiology and control of tomato yellow leaf curl virus. in:

Plumb, R.T. and Thresh, J.M. [Eds.] Plant Virus Epidemiology. Blackwell Scientific Publications Ltd.,
Oxford, UK. pp. 315-321.

18. Makkouk, K.M., Shehab, S. and Majdalani, S.E. (1979) Tomato yellow leaf curl: incidence, yield losses and
transmission in Lebanon. Phytopathol. Z. 96:263-267.

19. Mansour, A. and Al-Musa, A. (1992) Tomato yellow leaf curl virus: host range and virus-vector relationships.
Plant Pathol. 41:122-125.

20. Martelli, G.P. and Quacquarelli, A. (1982) The present status of tomato and pepper viruses. Acta Hortic.
127:39-63.

21. Mazyad, H.M., Omar, F., Al-Taher, K. and Salha, M. (1979) Observations on the epidemiology of tomato
yellow leaf curl disease on tomato plants. Plant Dis. Rep. 63:695-698.

22. McGrath, P.F. and Harrison, B.D. (1995) Transmission of tomato leaf curl geminiviruses by Bemisia tabaci:
effects of virus isolate and vector biotype. Ann. Appl. Biol. 126:307-316.

23. Moustafa, S.E.S. and Nakhla, M.K. (1990) An attempt to develop a new tomato variety resistant to tomato
yellow leaf curl virus (TYLCV). Assuit J. Agric. Sci. 21:167-183.

24. Nono-Womdim, R., Swai, I.S., Green, S.K., Gebre-Selassie, K., Latterot, H., Marchoux, G. et al. (1996)
Tomato viruses in Tanzania: Identification, distribution and disease incidence. J. S. Afr. Soc. Hortic. Sci.
6(1):41-44.

25. Noris, E., Accotto, G.P. and Luisoni, E. (1994) Advances in diagnosing tomato yellow leaf curl geminivirus
infection. Mol. Biotechnol. 2:219-226.

26. Osaki, T. and Inouye, T. (1978) Resemblance in morphology and intranuclear appearance of viruses isolated
from yellow dwarf diseased tomato and leaf curl diseased tobacco. Ann. Phytopathol. Soc. Jpn. 44:167-178.

198 B.D. Kashinaet al.



27. Padidam, M., Beachy, R.N. and Fauquet, C.M. (1995) Classification and identification of geminiviruses using
sequence comparisons. J. Gen. Virol. 76:249-263.

28. Pico, B., Diez, M.J. and Neuz, F. (1996) Viral diseases causing the greatest economic losses to the tomato
crop. II. The tomato yellow leaf curl virus – a review. Scient. Hortic. 67:151-196.

29. Pico, B., Diez, M.J. and Nuez, F. (1999) Improved diagnostic techniques for tomato yellow leaf curl virus in
tomato breeding programmes. Plant Dis. 83:1006-1012.

30. Polston, J.E., Bois, D., Serra, C.A. and Concepcion, S. (1994) First report of a tomato yellow leaf curl-like
geminivirus in the Western Hemisphere. Plant Dis. 78:831.

31. Rom, M., Antignus, Y., Gidoni, D., Pilowsky, M. and Cohen, S. (1993) Accumulation of tomato yellow leaf
curl virus DNA in tolerant and susceptible tomato lines. Plant Dis. 77:253-257.

32. Roye, M.E., McLaughlin, W.A., Nakhla, M.R. and Maxwell, D.P. (1997) Genetic diversity among
geminiviruses associated with three weed species, Sida spp., Macroptilium lathyroides, and Wissadula
amplissima, in Jamaica. Plant Dis. 81:1251-1257.

33. Rubinstein, G., and Czosnek, H. (1997) Long-term association of tomato yellow leaf curl virus (TYLCV)
with its whitefly vector Bemisia tabaci: Effect on the insect transmission capacity, longevity and fecundity.
J. Gen. Virol. 78:2683-2689.

34. Sambrook, J., Fristch, E.F. and Maniatis, T. (1989) Molecular Cloning: A Laboratory Manual. Cold Spring
Harbor Laboratory Press, Plainview, NY, USA.

35. Stanley, J., Markham, P.G., Callis, R.J. and Pinner, M.S. (1986) The nucleotide sequence of an infectious
clone of the geminivirus beet curly top virus. EMBO J. 5:1761-1767.

36. Torres-Pacheco, I., Garzon, T.J.A., Herrera-Estrella, L. and Rivera-Bustamante, R.F. (1993) Complete
nucleotide sequence of pepper huasteco virus: analysis and comparison with bipartite geminiviruses. J. Gen.
Virol. 74:2225-2231.

37. Yassin, A.M. and Nour, M.A. (1965) Tomato leaf curl diseases in the Sudan and their relation to tobacco leaf
curl. Ann. Appl. Biol. 56:207-217.

Phytoparasitica 31:2,2003 199


