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Morphological and molecular studies on the taxonomy of whiteflies (Hemiptera:
Aleyrodidae)
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Dialeurodes Cockerell of Taiwan were studied and one new species are described: D.
citri (Ashmead), D. daphniphylli Takahashi, D. kirkaldyi (Kotinsky), and D. swidi Ko, n. sp.
D. agalmae Takahashi and D. citri are synomynous. A key to Taiwanese species of this
genus based on pupal cases and adults are provided The long-term will apply more
techniques such as molecular markers, acoustic signal anaysis, and mating behavior. To
gather more data in understanding the diversity and evolution of whitefly species, for
assessing and reconstructing the phylogenetic tree of whiteflies. A higher priority for the
project in this year is to publish with the combination of morphological and molecular traits.
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Dialeurodes is by far the largest whitefly genus, with over 130 described species. It is
an Old World genus, with alarge majority of species having been described from the Oriental
and Austro-Oriental Regions. A few species have been described form the Ethiopian,
Palaearctic and Neotropical Regions, and fewer still from other parts of the world.

Dialeurodes, isthe largest whitefly genus, but is probably not a single evolutionary group.
Dialeurolonga, which appears to replace Dialeurodes in the Malagasy/Mascarene region, is
almost certainly a figment of the taxonomic imagination. These two genera need to be
considered together, their species re-examined and then re-sorted into species-groups on
carefully considered structural characters.

The practical definition of Dialeurodes in use today encompasses a great variety of
species, the primary shared characters of which are some sort of distinct margina tracheal
pores, a vasiform orifice with the lingula included and with the operculum nearly filling the
orifice and usually covering the lingula, and a lack of many specialized characters found in
related genera.

Dialeurodes Cockerell has historically been the most speciose genus of whiteflies, with
more than 130 species worldwide. In preliminary work, Jensen (1999, 2001) discussed the
history and characters of the pupal case of Dialeurodes, and he formally proposed alternative

generic names and groupings, indicating that the genus was paraphyletic.
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Leaves containing late instar nymphs of the species were collected in the field, and
colonies were established in the laboratory. Descriptions and terminology of external and
interior morphological structures are based on Bink-Moenen (1983), Martin (1985), Gill
(1990), and Guimaraes (1996). In the text, the following abbreviations are used for the
depositories of material: (ANIC) Australian National Insect Collection, Canberra; (CDFA)
Cdifornia Department of Food and Agriculture, Sacramento; (HDA) Department of
Agriculture, Honolulu, Hawaii; (NHM) Natural History Museum, London; (NMNS) National
Museum of Natural Science, Taichung; (NTU) National Taiwan University, Taipei; (SIE)
Shanghai Institute of Entomology, Shanghai; (TARI) Taiwan Agricultural Research Institute,
Taichung; (USNM) United States National Museum of Natural History, Washington DC.

DNA Extraction

DNA was extracted from single, whole specimens, in the manner described by De Barro
and Driver (1997). All samples were washed briefly in sterile distilled water to remove
alcohol prior to homogenization. Individual whiteflies were homogenized in 10 pL of the
lysis buffer (50 mM KCI, 10 mM Tris pH8.4, 0.45% Tween 20, 0.2% genatin, 0.45% NP40,
60 pg/mL proteinase K). Homogenisation was carried out using a 1.5 mL microcentriguge
tube and a disposable microtube pestles. After homogenization, afurther 15 pL of lysis buffer
was added. The homogenate was then incubated at 65  for 30 mins.  After incubation the
sample was then boiled for 10 mins to inactivate the proteinase K.  Sterile distilled water 25
pL was then added to yield a final homogenate volume of 50 pL. Samples were then stored
at -20

RAPD assays



RAPD anayses were carried out according to Willams et al. (1990) with some
modifications. Total reaction volumes of 25 uL were used with final concentration of 1 unit
Tag polymerase (Promega), 1x reaction buffer, 0.1 mM dNTPs, 1.5 mM MgCl,, 0.2 uM
primer and 20 ng template DNA (about 2 pL). Amplification was using a AG-9600 Thermal
Station using the following parameters. one cycle of 2 minat 94  (denature), followed by 1
minat 94  (denature), Lminat 36  (primer annealing) and 1 minat 72 (amplification)
for 45 cycles,and 5 minat 72 . PCR products were separated el ectrophoretically using 1.6%
agarose gels in 1x TAE buffer and the DNA fragments were stained with ethidium bromide.
The DNA fragments were visualized on aUV transilluminator and photographed.

Cytochrome oxidase | gene (COI) sequencing

PCR primer pair LCO1490 (5-GGTCAACAAATCATAAAGATATTGG-3) and
HCO2198 (5-TAAACTTCAGGGTGACCAAAAAATCA-3) was subsequently used to
amplify a fragment about 700 bp of the COI gene (Folmer et al., 1994). PCR assays were
conducted using 2 pL of each template DNA in a total reaction volume 25 pL. The PCR
reaction mix contained 0.15 puM of dinucleotide triphosphates (dNTPs), 2.5 mM of MgCl.,
0.75 units of Tag DNA polymerase and 0.6 uM of each primer. Amplification was using a
AG-9600 Thermal Station using the following parameters. one cycle of 1 min at 94 ; five
cyclesof 1minat94 ,15mina45 andl5minat72 ;35ciclesof lmina94 ,15
mina 50 and 1.5 mina 72 and afina cycle of 5 mina 72 . PCR products were
subsequently gel purified using the PCR Clean Up-M (Viogene, Taiwan) and sequenced in
one direction on an ABI 3730 DNA Analyzer (Applied Biosystems, CA, USA) using ABI
PRISM BigDye Terminator Cycle Sequencing Ready Reaction Kit, V3.1 (Applied Biosystems,
CA, USA)

Phylogenetic analysis
A total of 5 Dialeurodes were included in the analysis. One outgroup was selected:
Aleurodicus disperses. All whiteflies were identified morphologically using the 4th instar. A

total of 15 sequences representing one to three individuals from each population were used in
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the analysis (Table 1). Phylogenetic analyses were performed using PAUP 4.0b10 (Swofford,
1998). The aligned sequences were analysed by applying the Kimura two-parameters genetic
distance model (Kimura, 1980) and the phylogeny represented with a bootstrap tree.

Data analysis

PCR amplification products were scored as presence (1) or absence (0) of bands. The
data matrix was used to calculate Jaccard’s similarity coefficient which does not consider the
joint absence of a markers as an indication of similarity. A dendrogram was constructed
using the unweighted pair-group method analysis (UPGMA). These analysis were
performed using NTSY S-pc version 2.01b (Rohlf, 1997).
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(acoustic signal)



