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The ant genus Solenopsis Westwood, 1840 is the largest in Myrmicinae subfamily having almost 200
described species worldwide. They are commonly distributed in the tropics and temperate areas of the
world. Some invasive Solenopsis species are very dreadful. We have already reported a fire ant species,
Solenopsis saudiensis Sharaf & Aldawood, 2011, identified using traditional morphometric approaches of
species identification. Present study was carried out to develop DNA Barcoding to identify Solenopsis sau-
diensis and to elucidate genetic structure of the various S. saudiensis populations across their distribution
range in Riyadh, Saudi Arabia. The comparison of DNA barcodes showed no genetic diversity among six
populations and a queen from S. saudiensis analyzed from the Riyadh region. This genetic resemblance
probably reflects their adaptation toward a specific habitat, thus constituting a single and strong gene
pool. Our comprehensive field survey did not provide any evidence of Solenopsis species except S. saudi-
ensis in the Riyadh region. Solenopsis saudiensis populations were only found around date palm trees indi-
cating their strong association with date palm groves. Moreover, S. saudiensis has 83-86% sequence
identity to other Solenopsis spp. from other parts of the world. Interestingly, the highest sequence identity
of (86%) was with that of Solenopsis molesta Say, 1836, the thief ant, from the USA. This study provides a
working laboratory procedure and a reference library for the identification of Solenopsis saudiensis.
© 2019 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The scarcity of available information about the genus Solenopsis
Westwood can perhaps be ascribed to its difficult taxonomy in
comparison with other ant genera. Their pale coloration, small size,
and cryptic nesting habitats have led to the Arabian Solenopsis
fauna being overlooked by the collectors. Collingwood and Agosti
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(1996), were pioneers in reporting Arabian Solenopsis fauna from
the Arabian Peninsula. So far, in the Arabian Peninsula four
Solenopsis species have been described including: S. omana Colling-
wood and Agosti, 1996; S. geminata (Fabricius, 1804) (Collingwood
et al. 1997); S. zingibara Collingwood and Agosti, 1996; and S.
sumara Collingwood and Agosti, 1996.

In Riyadh, Saudi Arabia, the genus Solenopsis was originally
reported as a new species named S. saudiensis Sharaf and Alda-
wood, 2011 (Sharaf and Aldawood 2011). They also provided an
ecological and biological description of the species. In addition,
the authors keyed the four known species from Arabian Peninsula
together with other four known Egyptian species (Sharaf et al.
2009).

The sole revisionary study of the Arabian Solenopsis fauna listed
six Solenopsis species described based on worker and queen castes
from Saudi Arabian southwestern mountains (Sharaf and
Aldawood, 2012). In addition, a neotype was designated for the
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Yemeni species S. sumara Collingwood and Agosti and the worker
caste was re-described and illustrated for the first time. Moreover,
the paper presented a taxonomic key to the six known Arabian
species.

DNA barcoding intents to render an efficient approach to iden-
tify individuals at species level, and consequently, greatly con-
tributes to taxonomic investigations. The DNA barcode is a short
DNA sequence derived from a specific part of genomic DNA of
the species under investigation that is used to identify the organ-
isms at species level in comparison with already identified
sequences submitted to the genomic databases. If the investigated
barcode matches any of the bank barcode sequences the species
can be identified, otherwise, the new barcode may refer to a newly
reported species (Hajibabaei et al. 2007).

DNA barcoding exploits a 650-base pair fragment of COI mito-
chondrial gene at 5’ end (Hebert et al. 2003), which is the accepted
barcode region for animals. DNA barcoding has been reported as
useful approach for species identification in many higher animal
groups including insects and metazoan (Ward et al. 2005; Smith
et al. 2006; Folmer et al. 1994). COI DNA barcoding is an efficient
approach for analyzing hypotheses formulated for taxonomic revi-
sions. Moreover, ant taxonomic data is enough to verify DNA bar-
coding efficacy for ant species identification (Smith et al. 2005).

DNA barcoding has many advantages and can solve many prob-
lems of traditional taxonomy: it's a verifiable and reproducible
approach, very rapid technique (sample processing takes very
few hours, cost effective (approximately 5 USD/sample), work for
the smallest animals, and works for any life stage as well as tissues
(Rougerie et al. 2009).

DNA barcoding has been used to identify invasive ant species
i.e. Solenopsis geminate (Kouakou et al. 2017). This approach was
used to delimit 24 morphospecies of the genus Solenopsis, which
is otherwise very hard to identify to species level (Delsinne et al.
2012). This technique was used to identify ant species in hyperdi-
verse ant genus Pheidole in which polymorphism is common which
makes identification a challenging task. Phylogenetic analysis
revealed that 15 morphospecies out of 19 confirmed with DNA
based identified species (Ng'endo et al. 2013). However, first
molecular analysis of S. geminate confirmed invasion and distribu-
tion of this invasive species in Cote d’Ivoire, West Africa (Kouakou
et al. 2017). A combination of DNA barcoding with morphological
analysis revealed seven ant species belonging to genera Papyrius
Shattuck 1992, Iridomyrmex Mayr 1862, Cardiocondyla nuda (Mayr
1866) group, and Camponotus novaehollandiae (Mayr 1870) group
(Oberprieler et al. 2018). Separation of these seven species was
based on COI sequences divergence.

So far, DNA barcoding has been carried out for very few ants
species. Fisher and Smith (2008) suggested that DNA barcoding is
very useful tool which provides quick and vary precise detail at
large scale to systematize alpha-taxonomy that is not possible with
traditional morphometric approaches alone.

2. Materials and methods

Solenopsis specimens sampling was carried out from Riyadh
region during 2013-2015. In total, we explored 43 areas in the
Riyadh region (Table 1). Although, we conducted an extensive sur-
vey, yet only six populations of one Solenopsis species (S. saudien-
sis), were found in Riyadh city including one population from Al
Hayer (23 workers), two populations from Diriyah (43 workers
and six queens), two populations from Wadi Hanifa (more than
70 workers), and one population from Al Imam University (13
workers) (Table 2). No other collection site yielded any specimen
representing the genus Solenopsis. Ants were collected using soil
and litter sifting trays since we found that Solenopsis sp. nests in

Table 1
Fire ant collection sites in the Riyadh region.

1. Afif 18. Hawtet Bani 35. Sajar35.

2. Al Ammariyah Tamim Sajar

3. Al Bijadyah 19. Hawtet Sudair 36. Salboukh

4. Al Ghat 20. Huraymila 37. Tebrik

5. Al Hayer 21. Irqah 38. Thadig

6. Al Imam University, 22. Janadiriyah 39. Tumair
Diriyah 23. Kharara 40. Ushairat

7. King Saud University, 24. Llayla Alfalaj Sudair
Diriyah 25. Majmaa 41. Wadi

8. Al Kharaj 26. Malham Dawasir

9. Al Qarain, Shaqra 27. Marat 42. Wadi

10. As Sulayyil 28. Mezahmiyah Hanifa

11. Bijadriyah 29. Naam 43. Zulfi

12. Dawadimi 30. Na'ajan 44, Zulfi

13. Dhurma 31. Quwayah

14. Dirab 32. Rawdat

15. Diglah Khoraim

16. Ghiyanah 33. Rumah

17. Hareeq 34. Shaqra

the moist soil under date palm trees. After collection, different
populations were preserved in ethanol (95%) and for morphologi-
cal studies of each population, the voucher specimens were point
mounted. Specimens were sent to the California Academy of
Science, California, USA for photography and high-resolution pho-
tographs of Solenopsis workers and queen are available on www.
AntWeb.org.

2.1. DNA extraction of Solenopsis sp.

We tested a number of pre-existing DNA extraction protocols,
but none was successful because the specimens were very small.
We ultimately settled on a crude DNA extraction procedure. Spec-
imens were removed from alcohol and air-dried in an autoclaved
petri dish. Each specimen was transferred into a 200 uL PCR tube
having 20 uL of 50 mM NaOH and incubated for 15 min at 95 °C
in PCR machine. The incubated samples were normalized in a
20 pL of 200 mM Tris-HCl (pH 8.0), briefly centrifuged to spin down
the extracted DNA, and stored at —20 °C for further use.

Mitochondrial cytochrome oxidase 1 (COI) gene barcoding
region was amplified by using KOD FX Neo DNA polymerase (Toy-
obo, Osaka, Japan) and standard primers for DNA barcoding: Fol-
mer primers LCO1490 (Reverse): GGT CAA CAA ATC ATA AAG
ATA TTG G and HCO2198 (Forward): TAA ACT TCA GGG TGA CCA
AAA AAT CA (Folmer et al., 1994). A 50 uL PCR reactions was pre-
pared by using the following ingredients: 1 uL polymerase enzyme,
1 uL reverse primer (10 uM), 1 pL forward primer (10 uM), 5 pL
DNA template, 25 pL 2X buffer, 10 uL dNTP (2 mM), and 7 pL water.

Thermocycler 9700 (Applied Biosystems, California, USA), was
used to amplify the DNA template with the given reaction condi-
tions: initial denaturation (94 °C for two minutes), denaturation
(98 °C for 10s), annealing (48 °C for 30s), and extension (68 °C
for 15 s), where steps 2-4 were repeated 35 times.

Gel electrophoresis was carried out to observe the amplified
DNA products. In case of a single discrete amplified band, the
PCR products were directly purified with FavorPrep™ MicroElute
PCR clean up kit (GE Healthcare, Buckinghamshire, UK), whereas,
in case of double bands, the required band was excised from the
gel and purified with the same clean up kit. The gel purified pro-
duct was again subjected to gel electrophoresis to observe a dis-
crete single band (Fig. 1). The DNA concentration was measured
with NanoDrop (Thermo Fisher Scientific, Wilmington, Delaware,
USA).

The purified samples of COI were sent to Beijing Genomic Insti-
tute (BGI, Hong Kong, China) for sequencing. Seven DNA barcodes
were generated; one for each population of S. saudiensis found in
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Table 2
Solenopsis saudiensis specimens collected from the Riyadh region with their assigned sample ID.
Sample ID Collection site Latitude Longitude Elevation
SSHYRO1 Al Hayer 24.55775° 46.74115° 587
SSWHO01 Wadi Hanifa 24.66497° 46.60575° 633
SSWHO02 Wadi Hanifa 24.73507° 46.57518° 674
SSKSUO01 King Saud University, Diriyah 24.71383° 46.62557° 660
SSKSU02 King Saud University, Diriyah 24.71383° 46.62557° 660
SSAIUO1 Al Imam University 24.81658° 46.71162° 650
SSKSUQO1 King Saud University, Diriyah 24.71383° 46.62557° 660
SSWHO1
SSWHO2
SSKsU01
SSKSUD2
1000bp —
SSHYRO1
~ 650 bp
500bp —— SSAIUOT
SSKSUQD1
Fig. 1. Sample loaded in lane 1 was obtained from SSAIUO1, lanes 2 and 3 contain
samples obtained from SSWHO01, SSWHO02, lanes 4 and 5 contain samples obtained Acyphas
from SSKSUO1 and SSKSUO2, respectively, lane 6 from SSHYRO1, and lane 7 from \ yer)
SSKSUQO1. F ! &
0,050

the Riyadh region. These DNA barcodes were deposited to the
International Barcode of Life Database (BOLD: http://www.boldsys-
tems.org) and the information is publicly accessible at http://www.
boldsystems.org/index.php/Public_SearchTerms (accession number,
KR916796-KR916802).

The barcode sequences of Saudi Solenopsis ant species and those
of other Solenopsis ants from 13 countries; whose sequences are
available in BOLD, were compared to understand the global locus
and phylogenetic relationship of Saudi fire ants to ants from other
parts of the globe. A distance analysis of 66 nucleotide sequences
representing 14 countries including Saudi Arabia was performed
using the ClustalW program (https://www.genome.jp/tools-bin/-
clustalw) that were used for the construction of neighbor-joining
tree, by using MEGA7.0 software (https://www.megasoftware.net).

3. Results and discussion

DNA barcoding is an innovative technology that provides fast
and accurate species identification by using COI gene, a short
sequence of the mitochondrial DNA. This technique uses a univer-
sal set of primers to amplify a small fragment (~650 bp) of the COI
gene for the precise identification of different organisms. However,
identification through COI sequences was found to be 100% suc-
cessful in class Hexapoda and 96.4% success was recorded in the
kingdom Animalia (Hebert et al. 2003).

Despite an extensive field survey, only six populations of S. sau-
diensis Sharaf & Aldawood were found in the Riyadh region. Addi-
tionally, we sequenced one S. saudiensis queen (SSKSUQO1) from
the King Saud University population that was previously described
(Sharaf et al., 2014) (Table 2). Three individuals were analyzed
from each population to identify any genetic diversity within the
population.

Three COI sequences from each population were analyzed to
identify any genetic variability within the population. However,
sequence analysis did not reveal any diversity within the popula-
tion. This finding indicated that the population is completely iso-
lated and there was no blending or gene flow from any other
population.

Comparison of COI sequences between populations also showed
no genetic variation among six populations including a queen from

Fig. 2. Neighbor-joining phylogenetic analysis of seven Solenopsis specimens
mitochondrial COI DNA sequences was performed using Acyphus as out group.
ClustalW alignment program was used for the distance analysis of available
sequences. The aligned sequences were used as input and a neighbor-joining
phylogenetic tree was constructed by using MEGA7.0. Information about Solynopsis
specimens collected for obtaining COI sequences is given in Table 2.

S. saudiensis investigated from the Riyadh region (Fig. 2). This
genetic resemblance of all tested populations suggests that they
have adapted to the specific habitat, thereby resulted in a single
and strong gene pool. In a study of fire ants DNA barcoding from
Latin America, found that, gene pool of Solenopsis quinquecuspis
Forel 1913, was greatly different from two other species including
S. richteri and S. invicta, due to barriers in the gene flow whereas,
greater similarities were found between later two species (Ross
and Shoemaker, 2005).

The Basic Local Alignment Search Tool (BLAST) comparison of S.
saudiensis, from Saudi Arabia, COI sequence (query) with that of
Solenopsis molesta isolate NE68505USA (subject), confirmed that
our sequence represents a member of the genus Solenopsis and
shared 86% sequence identity (Narain et al., 2013). A comparison
of S. saudiensis, with Solenopsis sp. MAS022 voucher BIOUG01261,
Costa Rica, revealed 83-86% sequence similarity (Smith et al,
2014).

In the present study we generated DNA barcodes for Solenopsis
saudiensis Sharaf & Aldawood, collected from the Riyadh region.
We generated seven DNA barcodes, one for each population of S.
saudiensis found in the Riyadh region. These DNA barcodes were
deposited to International Barcode of Life Database (BOLD:
http://www.boldsystems.org). These barcodes, together with spec-
imen related information, are publicly available on the BOLD web-
site with codes ANTSA001-15 to ANTSA007-15. We were the first
to generate and deposit DNA barcodes of fire ants Solenopsis spe-
cies from Riyadh, Saudi Arabia. Furthermore, DNA barcoding of fire
ants species accomplished from USA (Shoemaker et al. 2006), Ecua-
dor (Delsinne et al. 2012), Brazil, Peru, and Argentina (Ross and
Shoemaker 2005), were in line with our findings.

A phylogenetic analysis using the neighbor joining method with
Mega (Version 7.0) (Fig. 2) was performed on seven sequences of S.
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saudiensis with a Lymantriid moth, Acyphas pelodes (accession
number KF522526), used as an outgroup. The barcode sequences
of Saudi Solenopsis ant species and those of other Solenopsis ants
from 13 countries, whose sequences are available in BOLD, were
compared to reveal the global locus and phylogenetic relationship
of Saudi fire ants to ants from other parts of the world (Fig. 3).

Our phylogenetic analysis indicates S. saudiensis forms a sister
cluster with S. mameti Donisthorpe 1946 and S. saevissima Smith
1855, reported from Mauritius, Comoros, and, Guiana, respectively
(Fig. 3). These three species then form a sister group with Solenop-
sis ants from Honduras, Nicaragua and Costa Rica. The mitochon-
drial genome phylogenetic analysis of S. saevissima species group
reveals that the ants from Neotropical region are monophyletic
and they are evolved from a single origin in Neotropics
(Shoemaker et al., 2006). It should not be surprising that the genus
Solenopsis Westwood includes almost 200 described species world-
wide, and many newer species are expected in the future.

Ants of the genus Solenopsis have broad distribution in the
tropics and warm temperate regions around the globe, among
them some species are terribly invasive. In this project, we
explored the ant fauna of the genus Solenopsis, and are the first

Ecuadar So!enopsr's i1

Mauritius Solenopsis geminata 1

india Solenopeis geminata 2

01 sisdoualos gary 2500

187

to DNA barcode this medically important insect in the Kingdom
of Saudi Arabia. We hope this study provides a comprehensive
and consolidated structural picture of Solenopsis diversity in the
Riyadh region. Furthermore, our findings have provided an outline
for the structural diversity of Solenopsis fauna from other parts of
the world. Our current data not only provide a molecular means
to identify and validate an ant species and its population biodiver-
sity, but might also be beneficial for programs to quarantine and
manage invasive ant species. DNA barcoding tool is not only bene-
ficial for species systematics identification but, it is also helpful for
other area of studies like, evolutionary biology, behavior, ecology,
and might be helpful for the better understanding of forensic spe-
cies analysis (Moreau, 2009).

In spite of extensive field survey we found no evidence of any
fire ants species in the Riyadh region except S. saudiensis, which
was only restricted in the city area (Riyadh), strongly suggesting
that S. saudienis is inhabited in date palm orchards which are reg-
ularly irrigated. Our finding of a single gene pool probably reflects
the significant natural barriers/factors that impede the dispersal of
gene flow of S. saudiensis populations. Local restriction and mode of
polygyny of S. saudiensis, are mainly associated with single limited

Mauritius Solenopsis mameti 1
Mavrity
s Sofenopsie mamet 2

Hondras solenopsis 2
Costa Rica solenopsis B
Canada SOIENOPSTS molesta
Costa g,

Rica Solenopsis 16

kg oMol
1

Z sisdoua|0s ColXa
aadouaios 2R =800

P

Fig. 3. Phylogenetic analysis comparing Saudi ant barcode sequences and the sequences of other ants from 13 countries. A distance analysis of 66 nucleotide sequences
representing 13 countries was performed using the ClustalW program and a neighbor-joining phylogenetic tree was constructed by using MEGA7.0. Information about
Solynopsis specimens collected for obtaining COI sequences is given in Table 2. Whereas, information about COI sequences of ants from other 13 countries is accessible at

International Barcode of Life Database, http://www.boldsystems.org.
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gene pool. Our results are in accordance with Ross et al. (1997),
where they revealed that isolated populations of S. invicta showed
restricted gene flow due to the presence of multiple queens and
microgeographic patterns. Moreover, S. saudiensis had 83-86%
sequence identity to other Solenopsis spp. from other parts of the
world. Interestingly, the highest similarity (86%) was with that of
Solenopsis molesta, the thief ant, from the USA. This study resulted
in a working lab protocol and a reference library beneficial for
identifying ants of the genus Solenopsis in Saudi Arabia.

4. Conclusions

Only one Solenopsis species (Solenopsis saudiensis) was found in
the Riyadh region, indicating its strong link to regularly irrigated
date palm orchards. The DNA barcodes comparison showed no
genetic diversity among six populations along with that of a queen
in S. saudiensis, analyzed from the Riyadh region. This genetic iden-
tity of all populations probably reflects their adaptation to a dis-
crete habitat, thereby forming a single and strong gene pool.
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