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Survey of Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae)

biotypesin Brazil usng RAPD markers

L.H.C. Lima, D. Navia, PW. Inglisand M.R.V. de Oliveira

Abstract

In 1991, the poinsettiastrain, silverleaf whitefly or B biotype of Bemisiatabaci wasdetected in Brazil. Thisvariant isafar more serious
agricultural pest than the previoudly prevalent non-B (BR) biotype. The correct identification of B. tabaci isproblematic sinceitishighly
polymorphic with extreme plasticity in key morphological charactersthat vary according to the host. RAPD-PCR wasused to survey the
B biotype and other biotypesof B. tabaci in Brazil. Whiteflieswere collected from cultivated plantsand weedsfrom 57 different localities
and on 27 distinct crops. RAPD analysesusing two selected 10-mer primersreliably identified the BR biotype and the B biotype of B.
tabaci and also differentiated other whitefly species. The presence of the B biotypewas confirmed in 20 Brazilian states. TheBRand B
biotypes of B. tabaci werefound to coexist in the whitefly populations of three different localities: Jaboticabal, SP; Rondondpolisand

Cuiaba, M T, and Goiania, GO.
INTRODUCTION

In the last two decades, the sweetpotato whitefly,
Bemisiatabaci (Gennadius) (Hemiptera: Aleyrodidae), has
become one of the most important pests of agricultural
cropsworldwide. B. tabaci isavector of numerous plant
viruses and also reduces crop production by direct feed-
ing. Infestations of B. tabaci, associated with phytotoxic
symptoms of squash silverleaf in Cucurbita spp., uneven
ripening of tomato and white stem disorder in Brassica spp.,
werefirst described inthe US. Similar phytotoxic-likedis-
orders are now widespread throughout cropping systems
in many countries (Costaet al., 1993; Brown et al., 1995;
Hilje, 1996), including Brazil.

The heavy useof pedticides, intensiveagriculturd pro-
duction, overlapping crop seasons and an insect pest spe-
cies with the biotic potential to exploit a wide resource
base within a permissive environment may have contrib-
uted to the aggregation of strainsor raceswhich are mor-
phologically indistinguishable but genetically different
from each other (Wool et al., 1993; Toscano et al., 1998).
Among the races or biotypes of B. tabaci, the B biotype
has caused tremendous | osses worldwide. The B biotype
has abroader host range, and ahigher honeydew egg pro-
duction than the less damaging A biotype (Bethke et al.,
1991; Costaand Brown, 1991).

B. tabaci wasfirst identified in Brazil in 1928 on Eu-
phorbia pulcherrimain Bahia State (Bondar, 1928). From
the Northeast, the insect spread to other regions of the
country where outbreakswere previously occasional and
problems were caused largely due to its properties as a
vector. Bean production was affected by the bean golden
mosai c virusin many regionsand tomato and soybean crops

were also occasionally infected with geminivirusestrans-
mitted by B. tabaci (Ribeiro et al., 1998; Ferreiraet al.,
1999).

Inthe early 1990's, a heavy infestation of B. tabaci
on important crops and wild plants was detected in Sdo
Paulo State, wherethereisextensiveinternational tradein
ornamental plants. The changesin thebehavior of B. tabaci
populations were similar to those observed for the emer-
gence of the B biotypein other countries (L ourencéo and
Nagai, 1994). Sinceitsarrival, substantial lossesdueto B.
tabaci have been reported by 21 out of 27 Brazilian states.

Important crops such as melons, watermelons, cot-
ton, bean, tomato and cucumber have been damaged. In
many areas, losses of 20 to 100% have been reported with
the estimates being closeto US$ 1 billion, although apre-
cise monetary loss has not been calculated (Ferreiraand
Avidos, 1998).

Molecular analysishasbeen used toidentify and char-
acterize whitefly populations. Esterase pattern analysiswas
applied to population studies of B. tabaci, which demon-
strated the association of the B biotype with silverleaf
symptoms (Costaand Brown, 1991). Electrophoretic anay-
sis of esterase isoenzymes has also been used to deter-
minethegenetic variation between individual s of thewhite-
fly species, Trialeurodes vaporariorum (Westwood) and
B. tabaci (Liuetal., 1992). Thisapproach enabled the dif-
ferentiation between species and distinguished whitefly
malesand females (Oliveiraand Lima, 1997).

Random amplified polymorphic DNA polymerase
chain reaction (RADP-PCR) isarelatively simple, inex-
pensive and rapid technique, revealing polymorphisms
which are useful asgenetic and taxonomic markers (Welsh
and McClelland, 1990). RAPD hasbeen applied to studies
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of insects (Haymer, 1994) and to differentiate whiteflies,
including the identification of the A and B biotypes of B.
tabaci (Gawel and Bartlett, 1993).

MATERIAL AND METHODS

Adult whiteflieswere collected from host plants and
fieldsusing ahand-held aspirator and preserved immediately
in 100% ethanol for later processing. A total of 61 samples,
each of approximately 100 insects, were collected from 53
localitiesin 15 states and on 27 distinct crops. All insects
used in this study were from infestations identified as B.
tabaci based on the morphology of the pupal stage. Refer-
ence coloniesof B biotype adultsoriginating from Califor-
nia, USA, and anon-B biotype (biotypeA) originating from
Arizona, USA (Perring et al., 1993), were used as standard.

DNA wasextracted from 10 individua insectsof each
sample, according to astandard protocol (Barro and Driver,
1997) with several modifications. Individual femalewhite-
flieswerehomogenizedin 56 pl lysisbuffer (10 mM Tris-
HCI, pH 8.0, 1mM EDTA, 0.30% Triton X-100, 60 pug/ml
proteinase K) using a 1.5-ml microcentrifuge tube and

Tablel - Nucleotide sequence of RAPD primers.

Primer name Sequence (5'-3')
OPA-02 TGCCGAGCTG
OPA-04 AATCGGGCTG
OPA-05 AGGGGTCTTG
OPA-10 GTGATCGCAG
OPA-11 CAATCGCCGT
OPA-13 CAGCACCCAC
OPA-15 TTCCGAACCC
OPA-20 GTTGCGATCC
OPR-07 ACTGGCCTGA
OPE-13 CCCGATTCGG

micropestle. The homogenate was incubated at 65°C for
15 min and boiled for 6 min to inactivate proteinase K.
Processed sampleswere stored at -20°C.

Thetwo 10mer primers (Operon Technologiesinc.,
Alameda, CA, USA) usedfor RAPD-PCR areshownin Table
I. PCR was performed in a30-pl reaction mix containing
6.0mM Tris-HCI, pH 8.8, 1.5mM MgCl,, 0.2 mM dNTPs,
0.4 uM primer, 2.5 U of Taq DNA polymerase and 10-15
ng DNA. Mineral ail (25 pul) was added on the top of the
reaction mix. Samples were amplified using a PTC-100
thermocycler (MJ Research) with the following program:
onecycleof 3minat 94°C followed by 45 cyclesof 1 min
at 93°C, 1 minat 35°C and 2 min at 72°C, followed by a
fina cycleof 5minat 72°C. PCR products were separated
by electrophoresis on 1.5% agarose gels, run at 5 V/cm
for 3hin 0.5X TBE buffer. A 100-bp ladder (Amersham
PharmaciaBiotech) wasincluded on each gel asmolecular
weight marker. DNA bandswerevisualized under UV light
after staining with a0.5 ug/ml ethidium bromide solution.
Gels were documented using the Eagle-Eye Il System
(Stratagene). A negative control without DNA wasincluded
inall reaction sets.

RESULTS AND DISCUSSION

RAPD-PCR was used to identify whitefliesfrom 61
sampling sites originating from different Brazilian locali-
ties and crops. Representative samples of B. tabaci bio-
typeA, collected fromwild populationsin Arizona, USA,
and biotypeB coloniesfrom Cdifornia, USA, wereincluded
in each reaction set asidentification control. Brazilian iso-
lateswith profilesresembling biotype A are subsequently
referred to asbiotype BR. For each site or crop, PCR was
conducted with the DNA of 10 individual insectsfor each
RAPD primer (see Figure 1). All 10 primers screened in
thisstudy (Tablel) produced RAPD patterns that clearly
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Figurel- A representative RAPD reaction set for the differentiation of whitefly biotypes. M: 100-bp DNA ladder (Amersham
PharmaciaBiotech); samples on theleft of the marker were amplified using primer OPA-04 and samples on theright of the marker
using OPA-10. Lanes 1-6: Individual whiteflies from cabbage and lanes 7-10: individual whiteflies from melon. Lanes 11-14:
Individual whitefliesfrom cabbage and lanes 15-18: individual whitefliesfrom melon. Standard biotypes (biotype A, Arizona,
USA, and biotype B, California, USA) used for identification areindicated by theletters A and B, respectively.
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Table2 - Biotypeidentification using RAPD markers of Bemisia tabaci sampled from different cropsand localitiesin Brazil.

Crop Locality Identification
(biotype)

01-melon Arizona- USA A-type(=BR)

02-melon Cdifornia- USA B-type

03- bean Goiania- GO BR-type

04-melon Brasilia- DF B-type

05 - bean, eggplant Jaboticabal - SP B

06 - tomato, cabbage Lavras- MG B

07 - squash Manguba - BA B

08 - cotton CampinaGrande- PB B

09 - cotton Guanambi - BA B

10 - okra, various weeds, bean, soybean Rondonopolis- MT BR

11 - cucumber Guaiuba- CE B

12 - watermelon Itaberaba - BA B

13 - tomato, squash, weeds, peanut Petrolina- PE B

14 - cabbage, sweet pepper Itaicaba- CE B

15 - melon, watermelon, tomato Aracati - CE B

16 - cabbage Tiangua- CE B

17 - soybean, cotton Miguelopolis- SP B

18 - tomato Pacoti - CE B

19 - squash Vassouras - RJ B

20 - melon, soybean BoaVista- RR B

21 - okra, watermelon, tomato, squash Goiénia- GO B

22 - bean and cucumber Goiénia- GO BR

23 - lettuce, tomato, cabbage Goianira- GO B

24 - bean Limoeiro do Norte- CE BR

25 - soybean Piracicaba- SP B

26 - soybean PedraPreta- MT BR

27 - tomato Uberlandia- MG B

28-melon Russas- CE B

29 - squash Tabuleiro do Norte - CE B

30- broccoli, okra, gherkin Taiobeiras- MG B

31 - broccoli, cabbage, carrot Sdlinas- MG B

32 - cucumber, eggplant, sweet pepper Planura- MG B

33- cauliflower, cabbage, tomato Tedfilo Otoni - MG B

34 - cotton Janalba- MG B

35 - soybean Vigosa- MG B

36 - soybean Carolina- MA B

37 - soybean Riachdo - MA B

38 - soybean St. Anténio de Goias- GO B

39 - lettuce, broccoli, cabbage Palmas- TO B

40 - cabbage Mogi Mirim- SP B

41 - grape Campinas- SP B

42 - eggplant Espirito Santo do Pinhal - SP B

43 - cabbage Campos Goytacazes- RJ 7B+3BR

44- melon, watermelon Mossoré - RN B

45 - tomato Teresina- Pl B

46 - watermelon S&o Jodo - Pl B

47 - eggplant, cucumber, bitter eggplant Cuiaba-MT 8B+2BR

48 - weed, leguminosae, forage Campo Grande- MS B

49 - cabbage, squash Vitéria- ES B

50 - squash, cabbage, soybean, tomato, cauliflower, broccoli Brasilia- DF B

51 - tomato, watermelon Paulo Afonso - BA B

52 - squash, watermelon, bean P&o-de-agucar - AL B

53 - squash Delmiro Gouveia- AL B

54 - melon, squash lacu- BA B

55 - cotton Display Plot/ Embrapa- DF BR

56a - cotton, soybean Display Plot/ Embrapa- DF BR (initid)

56b - cotton, soybean Display Plot/ Embrapa- DF B (week 2)

57 - bean Display Plot/ Embrapa- DF B

58 - tomato Recife- PE B

59 - cotton Recife- PE B

60 - cabbage Recife- PE B

61 - tomato Recife- PE B

62 - cucumber Vilhena- RO B

Continued on the next page
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Table |1 - Continued

Crop Locality Identification
(biotype)

63 - tomato SantaCruz do Sul - RS B

64 - melon Baralina- RN B

65 - tomato Tibau- RN B

66 - melon Assu - RN B

67 - tomato Trindade - GO B

68 - tomato Tocantins- MG B

69 - cotton Lagoa- PB B

70 - bean S&o Jodo do Jaguaribe - CE B

71 - tomato, melon Quixeré- CE B

72 - tangerine Bonfim-MG B

73 - soybean Balsas- MA B

74 - cabbage Caruaru- PE B

75 - tomato Vitéria- PE B

76 - tomato Sapucarana- PE B

77 - bean Buriti de Goids- GO BR

78 - weeds Nilo Coelho - PE B

79 - weeds Feirade Santana- BA B

distinguished biotype B individual sfrom non-B individu-
as(datanot shown). The average number of RAPD bands
produced in asinglereaction was 7.8 per primer and ranged
from 300 to 600 bp. Patterns produced within the 10 repli-
cate sampleswere highly homogenous; however, therela-
tiveintensity of somebandswasoccasiondly variable. The
produced profiles usually resembled those of the corre-
sponding standard biotypesoriginating fromtheUS. In some
reaction setswe al so used the native biotypesfrom Brazil

as control, which induced silverleaf symptomson sguash,
and two other whitefly species: T. vaporariorum and
Aleurothrixus floccosus (Maskell). The RAPD profiles of
thelast two specieswere awayshighly distinct from the B.
tabaci profiles.

Primers OPA-04, OPA-10 and OPA-13 gave the
clearest and most unambiguous DNA profilesand were used
for most whitefly identificationsshownin Tablell. These
primersalso reliably separated B. tabaci biotypesfromT.
vaporariorum and A. floccosus. No assessed crop was
found to be exclusively infested by the BR biotype of B.
tabaci. The survey rather demonstrated the dominance and
broad host range of the B biotypein Brazil.

Figure 2 illustrates the distribution of the BR and B
biotypes among the different states of Brazil. Investiga-
tions after the first detection of the B biotypes in 1993
suggested that the insect wasfirst introduced in 1991 via
poinsettias imported from California to Holambra, Séo
Paulo (Lourencdo and Nagai, 1994). Our survey showsthat
thisbiotypeisnow well established and widespread inthe
northeast, east and midwest of Brazil. However, wedid not
detect the B biotypein the southern- and westernmost Bra-
zilian states, due to a potential climatic influence on the
spread of two B. tabaci biotypes. The occurrence of both
BR and B biotypeswas confirmed in the States of Mato
Grosso, Goias and Rio de Janeiro. We also found both
biotypesinthe Federal District, at Embrapa(display plot),
where asecond sampling was made two weeks after the
first. B. tabaci biotype BR was exclusively found in the

Figure2 - Distribution of B. tabaci collected in Brazil and
identified by RAPD markers.
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first sample. After two weeks, however, the origina popu-
lation appeared to have been replaced by the B biotype,
illustrating the competitive advantage of thisinsect (Costa
and Brown, 1991).

We found the use of RAPD-PCR to identify white-
fliesto berdatively inexpensive (approximately US$ 3.00/
specimen), requiring just 30 min for sample preparation
and 10 h for RAPD analysis. The technique also has the
advantage that alcohol can be used to preservetheinsects,
avoiding the need to keep samplesalive or frozen. Effective
monitoring of the spread and establishment of B. tabaci in
Brazil and the ability to reliably distinguish non-B biotypes
from the moreimportant B biotype of thispest will assistin
the forecasting of potential losses and improve the pros-
pectsfor adoption of appropriate management strategies.
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RESUMO

Em 1991, um novo bi6tipo de Bemisia tabaci denominado
deragaB, moscabrancada poinsétiaou moscadafolhaprateada
foi detectado no Brasi|. Estapragatrouxe muitos prejuizos e danos
aagriculturanacional, por ser mais agressivado que aexistente
anteriormente, conhecida como B. tabaci ou B. tabaci bi6tipo
BR (n&o B). A relagdo taxonbmica entre B. tabaci e B. tabaci
biétipo B ndo éclaraendo existem evidénciasmorfol gicasconsis-
tentes que possam di stinguir esses doi sbi6tipos. RAPD-PCR tem
sido utilizada paraidentificag&o de bi6ti pos presentes nas popu-
laghes, utilizando-se, como padrdes de referéncia, adultos de Be-
misiatabaci dasragas A e B provenientes dos Estados Unidos.
Ascoletasde moscabrancaforam feitasem 27 culturase plantas
daninhasem 57 localidades do pais. As popul agdesforam entdo
analisadas, observando-se que a popul agéo predominante em
20 estados brasileiros é de B. tabaci bi6tipo B. Osbi6tiposBR
e B foram encontrados coabitando a mesma regi&o, em trés
diferentes|ocalidades: Jaboticabal, SP; Rondondpolis e Cuiaba,
MT e Goiénia, GO.
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