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Diagnostic characters within ITS2 DNA support  
molecular identification of Anastrepha suspensa 
(Diptera: Tephritidae)
Norman Barr1,*, Raul Ruiz-Arce1, Oscar Obregón1, Robert Shatters2, Allen L. Norrbom3, 
Norma Nolazco4, and Donald Thomas5

The Caribbean fruit fly, Anastrepha suspensa (Loew) (Diptera: Teph-
ritidae), is a pest of loquat, Surinam cherry, tropical almond, guava, and 
rose apple in Florida and capable of developing on a wide range of less 
preferred hosts (White & Elson-Harris 1992; Weems et al. 2001). It is 
the only major Anastrepha pest species that is established in Florida 
(Sutton & Steck 2005). Other exotic Anastrepha species are capable 
of using similar hosts and are attracted to the same trapping lures. 
Consequently, accurate identification of flies captured in Florida as A. 
suspensa, or as not being A. suspensa, is important in detecting new 
invasive species and facilitating safe trade.

Expert identification of A. suspensa is performed using adult mor-
phology, and confirmation can require examination of the female acu-
leus (White & Elson-Harris 1992; Norrbom et al. 2012). Adult males 
and especially the immature life stages are more difficult to identify 
reliably. For example, A. suspensa can be confused with other pests 
in the fraterculus species group such as A. ludens (Loew), A. obliqua 
(Macquart), and A. fraterculus (Wiedemann) (Norrbom et al. 1999, 
2012). These 4 species are included in the internationally adopted di-
agnostic protocol for Anastrepha pests (International Plant Protection 
Convention ISPM 27 Annex 9, https://www.ippc.int/en/core-activities/
standards-setting/ispms/). Only 3 other species of major economic 
importance are included in that protocol: A. grandis (Macquart), A. 
striata Schiner, and A. serpentina (Wiedemann). These 3 pest species 
belong to 3 different species groups in the genus (Norrbom et al. 1999).

Molecular diagnostic methods for Anastrepha species have been 
explored as a way to supplement morphological characters (Armstrong 
et al. 1997; Armstrong & Ball 2005). No study has yet demonstrated 
diagnostic specificity for A. suspensa based on good sampling of both 
species and populations. Variation in the mitochondrial cytochrome 
oxidase I (COI) gene shows that DNA barcoding will not reliably distin-
guish all flies in the fraterculus species group (Frey et al. 2013). Our 
COI data support this observation for A. suspensa (Barr unpublished; 
GenBank accession numbers KU511143–KU511157).

In this study, we tested whether a portion of the nuclear encod-
ed internal transcribed spacer 2 (ITS2) between the 5.8S rRNA and 
28S rRNA genes can aid in diagnosis of A. suspensa. The ITS regions 
have been useful in discriminating closely related Bactrocera species 

(Diptera: Tephritidae) (Boykin et al. 2014) and a diversity of other or-
ganisms (Coleman et al 2009). We generated DNA sequences of ITS2 
of flies from populations of 5 pest species in the fraterculus group 
(i.e., A. suspensa, A. ludens, A. obliqua, A. fraterculus, and A. dis-
tincta Greene) to identify characters useful for species identification 
(Table 1). Representatives of the species A. grandis, A. serpentina, 
and A. striata were also included in the study. DNA samples for a 
subset of the specimens in our study were included in prior genetic 
studies that analyzed mitochondrial and microsatellite DNA (Boykin 
et al. 2010; Ruiz-Arce et al. 2012, 2015). For new samples, DNA was 
extracted from a leg of each specimen using the DNeasy Blood & 
Tissue Kit for animal tissue (Qiagen, Valencia, California). The rest of 
the fly body is maintained as a voucher at the United States Depart-
ment of Agriculture facility in Texas. Morphological identifications of 
fly specimens were performed by A. Norrbom, D. Thomas, or G. Steck 
(Florida Department of Agriculture and Consumer Services, Division 
of Plant Industry, Florida).

Polymerase chain reaction (PCR) was performed using a forward 
primer of Ji et al. (2003), CAS5p8Ft (5'-TGAACATCGACATTTYGAACG-
CATAT), and a reverse primer, AsusR1 (5'-TTTTCATTTCATTTTATTTGAGA-
GG), that was selected using Primer3 (Untergrasser et al. 2012) and 
an A. suspensa sequence (GenBank accession number KT594196). The 
targeted ITS2 region for the primer set is approximately 220 bp. Cycling 
conditions for the reactions were 94 °C for 3 min; 39 cycles of 94 °C for 
20 s, 50 °C for 40 s, and 72 °C for 30 s; and 72 °C for 5 min. Reactions 
were performed in 25 μL volumes and final concentrations of 1× buf-
fer, 2 mM MgCl2, 0.2 mM each dNTP, 0.4 μM each primer, and 0.625 
Units TaKaRa Ex Taq DNA Polymerase (TaKaRa, Mountain View, Cali-
fornia) per reaction. Each reaction included 2 μL of template or water 
as a negative control. PCR products were visualized on 1% agarose gels 
stained with ethidium bromide, purified using ExoSAP-IT PCR Prod-
uct Cleanup (Affymetrix USB, Santa Clara, California), and sequenced 
by GeneWiz LLC (South Plainfield, New Jersey) in both directions. The 
raw trace files were edited and consensus sequences generated using 
Sequencher v5 (GeneCodes, Ann Arbor, Michigan). The edited se-
quences were aligned in MEGA5 (Tamura et al. 2011), and unique DNA 
sequences were identified by visual inspection. Each nucleotide site 
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was inspected for 5 possible character states: A, C, T, G, or a gap that is 
indicated with a dash (“–”) in the alignment.

Two hundred and six flies were genotyped using this PCR pro-
tocol: 55 A. suspensa, 41 A. fraterculus, 70 A. obliqua, 17 A. ludens, 
20 A. distincta, 2 A. serpentina, and 1 A. striata. Of these flies, 60 
were previously analyzed using a different primer set (Scally et al. 
2016) and those data are available from GenBank: A. suspensa, n = 
2 (DQ279855, KT594196); A. ludens, n = 3 (KT594193–95); A. obli-
qua, n = 26 (KT594200–225); A. fraterculus, n = 18 (KT594187–92, 
KT594226–29, KT594238–45); and A. distincta, n = 11 (KT594183–86, 
KT594231–37). The new protocol failed to amplify ITS2 from multiple 
A. grandis specimens suggesting that it is not appropriate for analysis 
of all Anastrepha species. Consistent with prior work by Sutton et 
al. (2015) that had difficulty sequencing segments of fruit fly DNA 
containing nucleotide strands with multiple repeats of a single base 
(i.e., homopolymers), the reverse primer did not perform well as a 
sequencing primer for approximately 33% of the samples. These fail-
ures occurred across species. Bases were treated as ambiguous if (1) 
both sequenced strands called multiple bases at a site or (2) neither 
strand generated a high quality, but distinct, base call. The new ITS2 
sequences >200 bp in length were submitted to GenBank with acces-
sion numbers KU510999–KU511142.

Twenty-four unique genotypes were observed in the data set (Ta-
ble 1). Consensus sequences with ambiguous base calls were classi-
fied as unknown but were compared with other records to confirm 
diagnostic characters. An alignment of 22 unique genotypes from the 
fraterculus group species was 220 bp (Table 2). The aligned ITS2 region 
included the short ITS2a spacer region (sites 1–21), the 2S gene (sites 
22–41), and part of the ITS2 spacer region (sites 42–220) according to 
Fritz (2006).

We did not detect the presence of alternate intra-individual copies 
of ITS2 for A. suspensa, A. obliqua, A. ludens, or A. fraterculus using 
our protocol. However, when confirming the ITS2 sequences of speci-
mens reported by Scally et al. (2016) with our new protocol, we did 
detect evidence of alternative copies within a single specimen of A. 
distincta. Scally et al.’s (2016) study generated the type 1 genotype 
(GenBank accession number KT594183) and our study generated the 
type 2 genotype (GenBank accession number KU522208). The 2 types 
differ only by the presence of the doublet “AA” at sites 207–208 in type 
1. This finding suggests that at least 2 different copies of ITS2 are in that 
specimen. It is possible that the primer set in our study did not amplify 
the ITS2 copy reported by Scally et al. (2016). Alternative experiments 
using cloning or next generation sequencing will be explored to follow 
up on these results.

Intra-species variation of ITS2 was observed for each species in the 
fraterculus group. Anastrepha fraterculus, known to comprise a cryp-
tic species complex (Hernández-Ortiz et al. 2012; Sutton et al. 2015), 
had the greatest number of types (n = 12). The counts for A. ludens, 
A. obliqua, and A. distincta each had between 2 and 3 types (Table 1).

The alignment of the 22 unique sequences demonstrated a high 
rate of invariant sites (96%) in this fragment. Diagnostic (apomor-
phic) states were observed for 3 species and are highlighted in Table 
2: A. obliqua at site 8 (C versus A); A. ludens at sites 186 to 187 (TT 
versus “-” gap in other fraterculus group species); and A. suspensa at 
sites 95 (T versus gap) and 218 (T versus A). The unique sequences 
and diagnostic character states observed in our study were also con-
firmed by comparing them with ITS2 sequences of other Anastrepha 
species from GenBank (Scally et al. 2016: KT594179–82 [A. canalis 
Stone]; KT594197–99 [A. zuelaniae Stone]; KT594230 [A. schultzi 
Blanchard]).

Table 1. Collection locations and ITS2 genotypes of Anastrepha species included in this study.

Taxon ITS2 genotype Location (n) n

A. suspensa Type 1 Dominican Republic (9); Jamaica (1); Puerto Rico (8); USA: Florida (18) 36
Type 2 Cayman Islands (1); Puerto Rico (1); USA: Florida (12) 14
Unknown Puerto Rico (1); USA: Florida (4) 5

A. obliqua Type 1 Barbados (1); Bolivia (2); Colombia (5); Costa Rica (1); Guatemala (5); Mexico (17); Panama (9); Peru (1) 41
Type 2 Barbados (1); Belize (1); Costa Rica (3); Jamaica (1); Mexico (16); Panama (4); Peru (1) 27
Type 3 Panama (1) 1
Unknown Colombia (1) 1

A. distincta Type 1 Guatemala (1) 1
Type 2 Guatemala (3) a; Mexico (1); Panama (9) a; Peru (7) 19

A. ludens Type 1 Costa Rica (2); Guatemala (1); Mexcio (3); Panama (3); USA: Texas (3) 12
Type 2 Costa Rica (1); Honduras (2); Panama (1) 4
Type 3 Mexico (1) 1

A. fraterculus Type 1 Guatemala (1); Mexico (7)a 8
Type 2 Belize (3); Guatemala (4) 7
Type 3 Guatemala (1); Peru (1) 2
Type 4 Peru (2) 2
Type 5 Peru (6) 6
Type 6 Peru (1) 1
Type 7 Bolivia (2) 2
Type 8 Bolivia (2) 2
Type 9 Bolivia (1) 1
Type 10 Peru (6) 6
Type 11 Bolivia (2) 2
Type 12 Bolivia (2) 2

A. serpentina Type 1 Belize (1); Mexico (1) 2
A. striata Type 1 Bolivia (1) 1

aOne fly from each of these populations generated a sequence <200 bp and was not submitted to GenBank.
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Implementation of our ITS2 results for identification of pests may 
not be straightforward in all cases because species can have multiple 
genotypes. If the ITS2 sequence of a captured fly does not match 
perfectly with one of our genotypes, it is not possible to determine 
whether or not it is one of the studied species. In such cases, it is more 
conservative to report the mismatch as inconclusive.

We thank Rosita DeLeon for assistance with organizing sample stor-
age and 2 anonymous reviewers who provided helpful comments that 
improved the manuscript.

Summary

An approximately 220 bp fragment of the internal transcribed 
spacer 2 (ITS2) was screened as a diagnostic trait of Anastrepha sus-
pensa (Loew) (Diptera: Tephritidae) and other pest fruit fly species in 
the genus Anastrepha. The majority (96%) of the sites in this fragment 
were invariant among the test species, but A. suspensa can be sepa-
rated from other species by using 2 diagnostic characters. Similarly, A. 
ludens (Loew) and A. obliqua (Macquart) can be distinguished from 
other species based on 1 fixed character each. There is evidence of 
intraspecific ITS2 variation in 5 species tested, consistent with species 
complexes and incomplete homogenization through the process of 
concerted evolution.

Key Words: fruit fly; Anastrepha ludens; Anastrepha obliqua; con-
certed evolution

Sumario

Se examinó un fragmento de aproximadamente 220 pb del es-
paciador transcrito interno 2 (ITS2) como diagnóstico de Anastrepha 
suspensa (Loew) (Diptera: Tephritidae) y otras moscas de plagas en el 
género Anastrepha. La mayoría (96%) de los sitios en este fragmento 
fueron invariantes entre las especies de prueba, pero se puede sepa-
rar A. suspensa de otras especies usando 2 caracteres diagnósticos. 
Similarmente, se pueden distinguir A. ludens (Loew) y A. obliqua (Ma-
cquart) de otras especies basadas en 1 carácter fijo cada una. Hay evi-
dencia de variación intraespecífica ITS2 en 5 especies probadas, con-
sistentes con complejos de especies y homogeneización incompleta a 
través del proceso de evolución concertada.

Palabras Clave: mosca de la fruta; Anastrepha ludens; Anastrepha 
obliqua; evolución

References Cited

Armstrong KF, Ball SL. 2005. DNA barcodes for biosecurity: invasive species iden-
tification. Philosophical Transactions of the Royal Society B 360: 1813–1823.

Armstrong KF, Cameron CM, Frampton ER. 1997. Fruit fly (Diptera: Tephritidae) 
species identification: a rapid molecular diagnostic technique for quarantine 
application. Bulletin of Entomological Research 87: 111–118.

Boykin LM, Shatters RG, Hall DG, Dean D, Beerli P. 2010. Genetic variation of 
Anastrepha suspensa (Diptera: Tephritidae) in Florida and the Caribbean 

using microsatellite DNA markers. Journal of Economic Entomology 103: 
2214–2222.

Boykin LM, Schutze MK, Krosch MN, Chomič A, Chapman TA, Englezou A, Arm-
strong KF, Clarke AR, Hailstones D, Cameron SL. 2014. Multi-gene phyloge-
netic analysis of south-east Asian pest members of the Bactrocera dorsalis 
species complex (Diptera: Tephritidae) does not support current taxonomy. 
Journal of Applied Entomology 138: 235–253.

Coleman AW. 2009. Is there a molecular key to the level of “biological species” 
in eukaryotes? A DNA guide. Molecular Phylogenetics and Evolution 50: 
197–203.

Frey JE, Guillén L, Frey B, Samietz, Rull J, Aluja M. 2013. Developing diagnos-
tic SNP panels for the identification of true fruit flies (Diptera: Tephritidae) 
within the limits of COI-based species delimitation. BMC Evolutionary Biol-
ogy 13: 106.

Fritz AH. 2006. Sequence analysis of nuclear rDNA of Anastrepha suspensa. An-
nals of the Entomological Society of America 99: 369–373.

Hernández-Ortiz V, Bartolucci AF, Morales-Valles P, Frías D, Selivon D. 2012. 
Cryptic species of the Anastrepha fraterculus complex (Diptera: Tephriti-
dae): a multivariate approach for the recognition of South American mor-
photypes. Annals of the Entomological Society of America 105: 305–318.

Ji Y-J, Zhang D-X, He L-J. 2003. Evolutionary conservation and versatility of a 
new set of primers for amplifying the ribosomal internal transcribed spac-
er regions in insects and other invertebrates. Molecular Ecology Notes 3: 
581–585.

Norrbom A, Zucchi RA, Hernández-Ortiz V. 1999. Phylogeny of the genera Anas-
trepha and Toxotrypana (Trypetinae: Toxotrypanini) based on morphology, 
pp. 299–342. In Aluja M, Norrbom AL [eds.], Fruit Flies (Tephritidae): Phylog-
eny and Evolution of Behavior. CRC Press, Boca Raton, Florida.

Norrbom AL, Korytkowski CA, Zucchi RA, Uramoto K, Venable GL, McCormick 
J, Dallwitz MJ. 2012. Anastrepha and Toxotrypana: descriptions, illustra-
tions, and interactive keys, http://delta-intkey.com/anatox/intro.htm (last 
accessed 29 May 2012).

Ruiz-Arce, R, Barr NB, Owen CL, Thomas DB, McPheron BA. 2012. Phylogeog-
raphy of Anastrepha obliqua inferred with mtDNA sequencing. Journal of 
Economic Entomology 105: 2147–2160.

Ruiz-Arce R, Owen CL, Thomas DB, Barr NB, McPheron BA. 2015. Phylogeo-
graphic structure in the Anastrepha ludens (Diptera: Tephritidae) popula-
tions inferred with mtDNA sequencing. Journal of Economic Entomology 
108: 1324–1336.

Scally M, Into F, Thomas DB, Ruiz-Arce R, Barr NB, Schuenzel EL. 2016. Reso-
lution of inter and intra-species relationships of the West Indian fruit fly 
Anastrepha obliqua. Molecular Phylogenetics and Evolution 101: 286–293.

Sutton BD, Steck GJ. 2005. An annotated checklist of the Tephritidae (Diptera) of 
Florida. Insecta Mundi 19: 227–245.

Sutton BD, Steck GJ, Norrbom AL, Rodriguez EJ, Srivastava P, Nolazco Alvarado 
N, Colque F, Yábar Landa E, Lagrava Sánchez JJ, Quisberth E, Arévalo Pe-
ñaranda, Rodriguez Clavijo PA, Alvarez-Baca JK, Guevara Zapata T, Ponce P. 
2015. Nuclear ribosomal internal transcribed spacer 1 (ITS1) variation in the 
Anastrepha fraterculus cryptic species complex (Diptera, Tephritidae) of the 
Andean region. ZooKeys 540: 175–191.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S. 2011. Mega5: 
molecular evolutionary genetics analysis using maximum likelihood, evolu-
tionary distance, and maximum parsimony methods. Molecular Biology and 
Evolution 28: 2731–2739.

Untergrasser A, Cutcutache I, Koressaar T, Ye J, Faircloth BC, Remm M, Rozen 
SG. 2012. Primer3 – new capabilities and interfaces. Nucleic Acids Research 
40: e115.

Weems HV, Heppner JB, Fasulo TR, Nation JL. 2001. Featured Creatures: An-
astrepha suspsensa. University of Florida publication number EENY-196: 
http://entnemdept.ufl.edu/creatures/fruit/tropical/caribbean_fruit_fly.
htm (last accessed 5 Dec 2016).

White IM, Elson-Harris MM. 1992. Fruit Flies of Economic Significance: Their 
Identification and Bionomics. CAB International, London, United Kingdom.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 15 Dec 2024
Terms of Use: https://bioone.org/terms-of-use


