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Morphological and molecular analysis of Coptotermes sp.
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Moustafa ELDAKAK', Rehab R. E. MOHAMMAD?, Hedaya H. KARAM2, Hanan M. RAMADAN?, Abdelazizi M.

EL-MINSHAWY?

!Department of Genetics, Faculty of Agriculture, Alexandria University, Egypt
’Department of Applied Entomology and Zoology, Faculty of Agriculture, Alexandria University, Egypt

Abstract

During the last ten years, the problem of subterranean termites in Alexandria, Egypt has worsened, causing great economic losses.
Throughout our study to survey the termite species in Alexandria, a species was found that differed from any of the previously
recorded ones in Egypt. The aim of this study was to identify this invasive subterranean species in the region. Samples were collected
from infested buildings and trees, and their morphological characteristics along with their DNA barcoding loci (COII, 18S and 28S)
were determined. Moreover, phylogenetic comparison with other related species were also considered for the most accurate identi-
fication. The analysis of all the previously mentioned parameters proved that it is Coptotermes sp. This genus is identified and
recorded for the first time in Egypt and North Africa. This study demonstrates that the combination of molecular and morphological
methods is essential for accurate species identification, which aids in the correct control of destructive pests.
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Introduction

There are about 3,106 living and fossil termite species all
over the world are recognized, classified in 12 families.
More than 1000 species are found in the African conti-
nent. Termite diversity in North Africa is low, with about
11 species (El-Sebay ef al., 2010).

Few taxonomic studies have been conducted on the ter-
mites of Egypt. Kemner (1932) described Kalotermes si-
naicus Kemner based on five soldiers and some workers
collected in Sinai, Ghesini et al. (2014) excluded Ka-
lotermes sinaicus from genus Kalotermes and redescribed
it as a new genus: Longicaputermes. El-Sherif and El-
Kaschef (1973) described the morphological and taxo-
nomic characteristics of Anacanthotermes ochraceus
(Burmeister), Psammotermes hybostoma Desneux, and
Amitermes desertorum Desneux. Moein (1997) recorded
the mound building termite Microcerotermes eugnathus
Silvestri from the Northern Western coast of Egypt. El-
Sebay et al. (2010) surveyed and illustrated 7 species of
termites in Egypt, five of them are subterranean species:
A. ochraceus, P. hybostoma, A. desertorum, M. eugnathus
and Reticulitermes lucifugus (Rossi); and two species are
drywood species: Cryptotermes brevis (Walker) and Ka-
lotermes flavicollis (F.); Ghesini and Marini (2017) rec-
orded Amitermes vilis (Hagen) from the Greek Orthodox
Monastery of Saint Catherine in Sinai for the first time.

Coptotermes Wasmann (Isoptera Rhinotermitidae) is
one of the most economically important subterranean ter-
mite genera and some species are successful invaders
(Chouvenc et al., 2016). It is widely distributed in Asia,
Africa, Central South America and Australia with greatest
diversity in Asia (Lee et al., 2015). It is the most destruc-
tive genus targeting timber and buildings but, it lacks clear
and distinct morphological and diagnostic characteristics
to differentiate the different species. This has resulted in
several taxonomic synonyms that lead to the current as-
semblage of 67 extant species (Emerson, 1971). Variation

of non-specific characters and increased body mass with
colony age compound the difficulty of morphologically
sorting species of termites (Grace et al., 1995). So, at the
beginning of the twenty-first century, molecular genetics
helped to study and identify species and their distribution
(Wang and Grace, 2000a; 2000b; Szalanski et al., 2003,
Vargo, 2004). Genetic markers are now used routinely to
identify individual termite colonies in field studies of ter-
mite bait efficacy (Vargo, 2003; 2004; Messenger et al.,
2005). Coptotermes species, especially in the soldier caste
are morphologically similar. Therefore, the combination
of molecular and morphological approaches is necessary
for accurate species differentiation.

The aim of this study is to report the existence of Cop-
totermes sp. as a new pest in the Egyptian fauna based on
the combined morphological and molecular genetic stud-
ies.

Materials and methods

Morphological data

Samples were collected from two localities in Alexan-
dria, first one including (Ramlh station, El Azarita, El
Shatby (31°12'18.62"N 29°55'8.86"E), second one in-
cluding Moharam Bik, El Ibrahimia, Sidi Gaber and
Smouha (31°17'83.10"N 29°93'20.35"E). Part of the
sample was preserved in —20 °C for molecular genetic
studies while the other part was stored in ethanol (85%)
and used for morphological studies.

Samples were prepared on slides for microscopic ex-
amination. Specimens were boiled in 10% solution of
caustic soda (NaOH) in water path for half an hour then
washed by distilled water several times. The specimens
were passed through a series of alcohol gradient concen-
trations from 75% to 95% and then transferred to clove
oil for 15 minutes. The head, thorax and abdomen were
separated under stereoscopic binocular microscope



(Zeiss, 475052-9901) and mounted in Euparal under sep-
arated covers on the same slide. Mounted slides were
dried at 45 °C for 2 weeks.

The morphological characteristics of the selected sol-
diers, alates, and workers were microscopically exam-
ined and identified. The photographs were taken by ste-
reo microscope and the details were studied. All the illus-
trated diagnostic characteristics were measured by using
a micrometric lens attached to the stereoscopic micro-
scope Model B-150 OPTIKA.

The following morphometric characteristics were meas-
ured: (8 soldiers), length of head capsule; height of head
without postmentum; maximum width of head; maximum
length of left mandible; length of pronotum; width of pro-
notum and length of hind tibia. (4 alates), length of ante-
rior wing with scale; maximum width of anterior wing;
length of pronotum; width of pronotum; width of head
with eyes; length of head capsule; diameter of eye; maxi-
mum diameter of ocellus and length of hind tibia.

For scanning electron microscope examination (SEM),
specimens were dried in 95% ethanol for 24 hours. The
next procedures were carried out at the SEM unit of Fac-
ulty of Science, Alexandria University. The dehydrated
specimens were fixed on a stub by using double face
sticky tape, then placed in sputter chamber scanning elec-
tron microscope (JOELFC-1100E) to coat with a thin
layer of gold. A computer-controlled SEM (JOEL model
JSM-IT200) was used to scan the specimens from differ-
ent angles to capture the best micrographs.

Terminology used in this study follows Krishna et al.
(2013) also, identification of species was confirmed by
using taxonomical key of Kambhampati and Eggleton
(2000) for families and subfamilies, Roonwal and
Chhotani (1989), Scheffrahn and Su (1994) for genus,
and Maiti (2006) for species.

The specimens were kept in Department of Applied En-
tomology and Zoology, Faculty of Agriculture, Alexan-
dria University, Egypt.

DNA extraction, PCR and sequencing

DNA was extracted only from the head and thorax of
soldiers and workers (abdominal segments were ex-
cluded due to the presence of protozoa in the hindgut) by
using iNtRon, biotechnology DNA extraction kit, South

Table 1. Sequences of primers and PCR conditions used.

Korea according to protocol B for tissue and Rodent tail
in the manufacturer manual, (about 25 individuals for
each sample).

Four genes were chosen: two mitochondrial genes, pro-
tein-coding cytochrome oxidase subunits (COIIl) and
(COI), and two nuclear ribosomal 28S and 18S. These
markers were amplified in one fragment according to the
length of the sequences targeted. The PCR primers and
amplification protocols are listed in table 1. PCR ampli-
fication was performed on thermal cycler (Peq Primus
25). PCR amplicons were bidirectionally sequenced us-
ing sequencing primers same as primers used in PCR pro-
tocol which are shown in table 1 and the BigDye® Ter-
minator v.3.1 Cycle Sequencing Kit (Applied Biosys-
tems, Inc.) on an ABI 3730 capillary sequencer following
manufacturer’s instructions. PCR products were fraction-
ated on an agarose gel to check for specificity and to
monitor for contamination using a negative control. Each
sequence was edited using Sequencer 4.0 (Gene Codes
1999). The edited sequences were compared with related
sequences from the nucleotide database by using Basic
Local Alignment Search Tool (BLAST) of the National
Centre for Biotechnology Information (NCBI)
http://www.ncbi.nlm.nih.gov.

Drywood termite C. brevis used as a positive indicator
(control) to verify the results of the sequencing and align-
ment data with the GenBank database. It is widely spread
in Egypt and easy to distinguish by the robustly sclero-
tized head of soldier.

DNA retrieved sequences for the different examined
loci COII, 28S and 18S were submitted to the GenBank
(website) using BANKIT tool and given the accession
number (MZ935741), (MZ852495) and (MZ855471), re-
spectively.

Phylogenetic analysis

The phylogenetic analysis and the evolutionary dis-
tances were computed using the Maximum Composite
Likelihood method (Tamura and Kumar, 2004) and are
in the units of the number of base substitutions per site.
The proportion of sites where at least 1 unambiguous
base is present in at least 1 sequence for each descendent
clade is shown next to each internal node in the tree. This
analysis involved 11 nucleotide sequences. All ambigu-

Gene Primer name Sequence (5°-3°) Sources
coln TL2J3037 ATGGCAGATTAGTGCAATGG Liu and Beckenbach, 1992
TKN3785 TTTAA GAGACCAGTACTTG Simon et al., 1994

COlI LCO GGT CAA CAA ATC ATA AAG ATATTG G Folmer et al., 1994
HCO TAA ACT TCA GGG TGA CCA AAA AAT CA Folmer et al., 1994

18S 1F TAC CTG GTT GAT CCT GCC AGT AG Giribet et al., 1996
1.2F TGC TTG TCT CAA AGA TTA AGC Whiting, 2002

28S 28SA GAC CCG TCT TGA AGC ACG Whiting et al., 1997
28SB TCG GAA GGA ACC AGC TAC Whiting et al., 1997

Gene Heat Denaturation Annealing Extension Final extension  Cycles

coln 94 °C (2 minutes) 94 °C (1 minute) 50 °C (1 minute) 72 °C (90 seconds) 72 °C (7 minutes) 40

COlI 94 °C (2 minutes) 94 °C (1 minute) 50 °C (1 minute) 72 °C (90 seconds) 72 °C (7 minutes) 40

18S 94 °C (2 minutes)
28S 94 °C (2 minutes)

94 °C (1 minute) 50 °C (1 minute) 72 °C (90 seconds) 72 °C (7 minutes) 40
94 °C (1 minute) 50 °C (1 minute) 72 °C (90 seconds) 72 °C (7 minutes) 40
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ous positions were removed for each sequence pair (pair-
wise deletion option). There was a total of 769 positions
in the final dataset. Evolutionary analyses were con-
ducted in MEGA X (Kumar et al., 2018).

Results and discussion

The termite species under study was identified as Cop-
totermes sp., the most destructive species of subterranean
termites recently dwellings in Alexandria Governorate. El-
Sebay et al. (2010) misidentified this species as R. lucifit-
gus, by revisiting his description and illustration, it was
found that they are exactly the characters of Coptoterms.
Coptoterms sp. feeds voraciously on any material that
contains cellulose such as living trees by consuming the
heartwood, leading to several degrees of trees mortality.
It can eat structural timbers from the inside out, leaving a
thin film of blistered surface wood, which can be found in
timber framing in homes and buildings, large colonies in
the walls and mudding bivouacs were seen in the infested
buildings (figure 1C-D). We have noticed that the release

of winged reproductives occurs annually in summer. They
leave the nest in great numbers, hundreds of them were
observed flying around streetlights in April, May and June
every year, especially on hot days where weather condi-
tions (25 + 5 °C, 65 £ 5% RH and less than 15 km/h wind
speed) considered favourable for alate flight.

The genus Coptotermes is characterized by the pres-
ence of pear shaped to sub rectangular head, with a
pointed labrum in the soldier caste (Pearce et al., 1993).
Mandibles are slender, sharply pointed and slightly in-
curved without or with very small marginal teeth at the
base. Most distinctive in the soldier caste is the large fon-
tanelle (opening) at the front of the head which exudes a
white defence secretion when the termite is disturbed.
Coptotermes species have been shown to possess, as for
other members of the Rhinotermitidae, sunken pores on
their legs which may produce a defensive secretion
against predators (Bacchus, 1979). We tried to identify
the species of samples under study using the Maiti (2006)
key, but it did not correspond to any of the species de-
scribed therein, therefore the identification of species
needs more study, it could be a new species.

Figure 1. Habitus imagoes of dorsal and ventral view of Coptotermes sp. (A, B). Infestation symptoms photos taken
from the colonies of the examined samples: soldiers and workers inside an infested tree (C), mudding bivouac inside

an infested apartment (D).
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Characters of Coptotermes sp. under study

Like other species of termite, a Coptotermes sp. colony
contains three primary castes: the workers, soldiers, and
reproductives.

Soldier: body length is about 6.3 to 7 mm, with light
brown head capsule and whitish body (figure 2A). Head
slightly rectangular, 1.39-1.72 mm in length, distinctly
longer than broad; widest in middle 1.11-1.33 mm, with
a few scattered hairs (figure 2C); labrum light brown,
narrowly pointed longer than broad with a hyaline tip that
has a pair of hairs on it (figure 2E Lb). Mandibles reddish
brown in colour, 0.83- 0.94 mm in length, curved apically
(figure 2E Lm). Antennae light brown consist of 14 to 15
segments, the 2" segment longer than the 3™, while 3™
and 4" being subequal (figure 2E-F An). Fontanelle
somewhat circular in shape. A pair of setae occur at its
rim (figure 2B, 2E Fo). The postmentum is about more
than two times as long as broad at the widest point, with
the waist midway between the posterior margin and the
widest point (figure 2D, 2F Pm). The pronotum light
brown in colour, about twice as broad 1.11 mm as long
0.56 mm, anterior and posterior margins slightly curved

in the middle (figure 2A Pr), but the posterior depression
is more clear than the anterior one. The legs and abdomen
are pale with 4 segmented tarsus ends with 2 claws and
with a pair of tibial spurs (figure 2A).

Workers: are soft bodied, pale yellow, reach a length of 5
mm. and are blind. The head is round when seen from
above and somewhat flattened. The black jaws slightly pro-
trude, and the antennae have 15 or 16 segments. It has no
special characteristics and resembles the alates (figure 3A).

Imago (alate): head capsule almost rounded in shape
(figure 3B) and directed downwards (figure 3D), slightly
depressed on the vertex; fontanelle indistinct; eyes mod-
erately large, 0.28-0.33 mm in diameter (figure 3D); ocelli
small and elongate, 0.17 mm in diameter (figure 3D oc);
antennae with 17-20 segments, 3™ and 4" almost sube-
qual, sometimes the third is the smallest (figure 3B). Left
mandible, apical tooth clearly longer than 1% marginal
tooth; 2" marginal tooth fully developed and distinct from
1*tand 3", both edges longer than those of 1%; 3" marginal
hind edges separated from molar prominence by a distinct
gap; molar prominence broadly rounded in outline, prox-
imal marginal weakly indented (figure 3B Lm). Right

Figure 2. Coptotermes sp. soldier. A) dorsal view, arrows showing two hind tibial spurs, Pr. magnified pronotum; B)
dorsal view of head, arrows showing two fontanelle setae and fontanelle opening anterior view; C) dorsal view of
head; D) ventral view of head showing postmentum; E) SEM of head and pronotum, An. antennae, Lb. labrum, Fo.
fontanelle, Pr. pronotum; F) SEM of head capsule ventral view, An. Antennae, Pm. Postmentum, Lm. left mandible,

Rm. right mandible.
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Figure 3. Coptotermes sp. worker and alate. A) dorsal view of a worker; B) dorsal view of head, prothorax, and
microscopic photograph showing mandibles of alate, arrow showing antennal spot; C) SEM of alate thorax, Pr. pro-
notum, Sc. forewing scale; D) lateral view of head and thorax of alate, oc. ocellus; E) SEM of alate hind tibia and

tarsus, arrows showing tibial spurs.

mandible, 1 marginal tooth with anterior edges bearing a
small subsidiary tooth at base; 2"! marginal tooth fully de-
veloped and separate from 1%, exposed posterior edge
longer than that of 1%, more or less straight; notch at prox-
imal end of right molar plate absent, molar ridges promi-
nent (figure 3B Rm). Pronotum almost as wide as head,
about 1.44 mm, anterior margin weakly incurved with a
weak median notch, antero-lateral corners narrowly
rounded, posterior margin obviously emarginated (figure
3C Pr). Wing membranous, about two times as long as
body, 10.82-11.11 mm in length (figure 1A-B), anterior
wing-scale very large, almost twice as long as the hind
wing-scale (figure 3C Sc). Hind tibial length 1.11-1.28
mm with a pair of tibial spurs (figure 3E), tarsus 4 seg-
mented ends with 2 claws, arolium absent. Head and pro-
notum moderately hairy, abdomen densely hairy.

Sequencing and DNA barcoding

Specimens were easily identified as the genus Cop-
totermes but the recognition of the species morphologi-
cally was very difficult. So, to confirm the identification,
we carried out DNA barcoding using four different DNA
loci (188, 28S, COI and COII genes). The results of the
genetic sequencing of the four mentioned loci showed
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that 18S, 28S and the most precise COIIl were the best
and most accurate in identifying the examined samples to
be Coptotermes sp. after performing BLAST of these se-
quences with the NCBI database.

COI did not show any results after agarose gel elec-
trophoresis for its PCR product, so it was completely
excluded at this stage, while 18S, 28S and COII showed
sharp bands of their PCR products on the agarose gel
(figure 4).

Fig 4. Gel electrophoresis for PCR products of DNA bar-
coding of the three different loci; x: COL, r: COIl, m:
18S, n: 28S; A and c: Coptotermes samples, b: Cryp-
totermes brevis sample.
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Figure 5. The phylogenetic tree of the related Coptotermes species in GenBank database against the studied

Coptotermes sp. sample.

Phylogenetic analysis

After confirming that the collected samples to be Cop-
totermes morphologically and also on the molecular
level, phylogenetic analysis was performed to analyse the
genetic relationship between our sample and the se-
quences of related samples in the GenBank database. The
phylogenetic tree shown in (figure 5) was made through
the alignment of the sequence data of the gene Cyto-
chrome oxidase II of our suggested Coptotermes species
against the Cytochrome oxidase 2 sequences of the re-
lated Coptotermes species, and we added an outgroup of
the cytochrome oxidase 2 sequences of Heterotermes
tenuis (Hagen) and R. lucifugus species.

As shown in the phylogenetic tree our examined spe-
cies under the genus Coptotermes was shown to be
grouped in the African Coptotermes species cluster.
Thus, we propose that the examined sample might be a
newly species under the genus Coptotermes of a most

probable African genetic origin and this will be con-
firmed with further studies.

Conclusion

The prevalence of subterranean termites has augmented
in Alexandria recently, and this study confirmed that this
invasive species is Coptoermes sp. This is the first report
for genus Coptoermes to be established in North Africa.

This conclusion was achieved by combining the mor-
phological and DNA barcoding methods for identifying
species. Specimens were collected from several districts
in Alexandria Governorate. It appears that more efforts
should be intensified to reduce the risk of spread of this
invasive structural pest into other areas of Egypt and the
humid subtropical Mediterranean Basin.
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