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Abstract This is the first account of molecular and mor-

phological characteristics of the stingless bee, Tetragonula

iridipennis (Smith, 1854) from the Punjab (Northern India).

The species was originally described from Sri Lanka.

Using the standard barcoding protocols, cytochrome c oxi-

dase subunit I marker (standard DNA barcode region)

based DNA barcode sequence of the species has been

established, as a first step towards DNA barcode library for

stingless bees of Punjab. The barcode sequence generated

for the species has been registered by GenBank, National

Centre for Biotechnology Information under accession

‘KT960851’ and Barcode of Life Data Systems under

Barcode Index Number ‘BOLD:ACT1038’. The host plant

associations for T. iridipennis in Punjab are provided.

Taxonomic comments on T. iridipennis and metric values

of 40 morphological characters are also presented. The

results can be used to further study the ecotypes in different

parts of country, plant-pollinator interactions, habitat

management and conservation programmes for stingless

bees. Further, the precise identification of T. iridipennis

and the inventory of its foraging plants would enhance its

use as potential pollinator of crops, especially grown under

protective cultivation wherein the Apis species are little

useful and the hand pollination is highly laborious and

costly.
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Introduction

Tetragonula Moure, 1961 is a complex and the most

widespread genus [1] of stingless bees in Indo-Malayan

region, reported from India to Solomon and Caroline

Islands and contains 32 described species [2]. The genus

was proposed with Trigona iridipennis Smith, 1854 as the

type species from Sri Lanka [3]. Worldwide, there are 505

named species of stingless bees [4]. Stingless bees are

distinguished from other corbiculate Apinae by reduced

forewing venation and the presence of the jugal lobe in

hindwing.

Among a total of 50 genera of stingless bees, Trigona and

Melipona are the major ones; most of the Asian and African

stingless bee species belong to the former genus [5]. Until

2010, six named species of stingless bees belonging to three

genera were reported from India [6–9] are Lepidotrigona

arcifera (Cockerell), Lisotrigona cacciae (Nurse), Lisotrig-

ona mohandasi Jobiraj and Narendran, Tetragonula ben-

galensis (Cameron), Tetragonula iridipennis (Smith) and

Tetragonula ruficornis (Smith). In the year 2013, new record

of Tetragonula gressitti (Sakagami, 1978) from Arunachal

Pradesh, India [10] raised their number to seven. Taxonomic

revisions of the species of Indian subcontinent lead to

addition of Tetragonula praeterita (Walker) as distinct

species following its removal from synonymy [2], which has

further raised the total number of named species of stingless

bees to eight in India.

Stingless bees are eusocial insects with organized sys-

tem of division of labour and are commonly known as

‘dammer bees’ as they collect dammer (a clear to yellow
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resin derived from dipterocarp trees, used in varnishes and

inks) [2] for construction of their nests along with the wax

produced from their body [11]. The colony strength may

vary from around 100 to 1,00,000 individuals depending

upon species, and honey production varies from 200 to

5000 g per season [12, 13]. As the pollinators of crops of

some families like compositae, cruciferae and legumi-

nosae, the stingless bees outperform the honey bees [13].

The term ‘stingless’, though a misnomer, indicates weak or

vestigial stinger in females, which is unable to inflict pain

to humans unlike the other species of honey bees. Instead

of stinging, inflicting a mild bite with mandibles, crawling

into ears or nostrils of invaders, emitting a caustic liquid

from mouth causing skin irritations, are some common

defence mechanisms in them.

The information on diversity and distribution of sting-

less bees in different agroclimatic regions of Punjab had

been lacking. The complete account of molecular and

morphometric characterization of T. iridipennis will help to

further investigate the species richness, diversity of sting-

less bees in Punjab.

Material and Methods

Specimen Collection

The bee specimens examined in the study were collected

during the day time while sweeping the flowers of Brassica

napus L. in central plain, Helianthus annuus in sub-

mountain undulating and Trifolium alexandrinum in west-

ern agroclimatic zone of Punjab (India) during spring 2013.

DNA Extraction and PCR Reaction

For DNA barcoding, the specimens were preserved in a

DNA-friendly fashion by immersing in 100 % ethanol and

kept at -20 �C in vertical deep freezer till DNA was iso-

lated. DNA extraction was done using previously stan-

dardized CTAB method [14]. CTAB was 2 % solution of

cetyl trimethyl ammonium bromide (CTAB) in 100 mM

Tris.Cl (pH 8.0), which additionally contained 20 mM of

Na2EDTA (pH 8.0) and 1.4 M NaCl. DNA isolation was

carried out using hind leg tissue of the bee. Genomic DNA

isolation was carried out individually from three bee

specimens, however, a single sample was finally processed

for cloning and sequencing. The primers pair LepF1

(50ATT CAACCAATCATAAAGATATTGG30) and

LepR1 (50TAAACTTCTG GATGTCCA AAAAATCA30)
were used to amplify 654 bp fragment of COI gene. All

PCR amplifications were accomplished in a programmable

DNA thermalcycler (Mastercycler Gradient—Eppen-

dorfTM) using the following PCR programme: Step 1:

Initial denaturation at 94 �C for 5 min (one cycle); Step 2:

Initial denaturation at 94 �C for 1 min; Step 3: Primer

annealing at 55 �C for 1 min; Step 4: Primer extension at

72 �C for 2 min; Step 5: Repeated step 2–4 (35 cycles);

Step 6: Final extension at 72 �C for 5 min and storing the

PCR product at 4 �C. Each PCR product was subsequently

gel purified. The purified DNA fragments were ligated into

a ‘PCR product cloning plasmid vector pTZ57R/T (Fer-

mentas Life Sciences, USA)’. The ligation reaction product

was transformed into Escherichia coli DH5-alpha host cells

using ‘InsTACloneTM PCR cloning kit (M/s Fermentas

Life Sciences)’ using manufacturer’s protocol followed by

custom sequencing from Xcelris Labs, Ahmedabad. The

natural orientation of sequence was determined by aligning

of sequence with the reported sequences (in GenBank

database, www.ncbi.nlm.nih.gov/pubmed/) for the species

using ‘Gene align function’ of the DNA software program

‘CLC Free Workbench ver 7.5. of CLC Bio A/S’.

Morphometry

The measurements were made with image acquisition

programmed zoom-stereo microscope (OLYMPUS CellA

Imaging Solutions for Life Science Microscopy). Termi-

nology and measurements follow those of Michener [15]

and Ruttner [16]. The indices and their abbreviations used

are as per given.

(1) body length (BL), (2) head/face length (HdL), (3)

head width (HdW), (4) thorax length (ThL), (5) thorax

width (ThW), (6) abdomen length (AbL), (7) abdomen

width (AbW), (8) clypeus length (CL), (9) clypeus width

(CW), (10) lower inter-orbital distance (LIOrD), (11) upper

inter-orbital distance (UIOrD), (12) inter-orbital distance

through antennal sockets (IOrDas), (13) clypeoantennal

distance (CAD), (14) compound eye length (CEL), (15)

compound eye width (CEW), (16) distance between

antennal sockets (DbAS), (17) interocellar distance (IOD),

(18) ocellocular distance (OOcuD), (19) antennocellar

distance (AOD), (20) antennocular distance (AOcuD), (21)

clypeocular distance (COcuD), (22) median ocellus diam-

eter (MOD), (23) labrum length (LL), (24) labrum width

(LW), (25) antennal socket maximum diameter (ASD), 26)

scape length (SL), (27) scape diameter (SD), (28) pedicel

length (PdL), (29) flagellum length (FgL), (30) 3rd flag-

ellomere diameter (3FgmD), (31) forewing length (FwL),

(32) forewing width (FwW), 33) hindwing length (HwL),

34) hindwing width (HwW), (35) jugovannal index (JVI),

(36) hamuli number (HN), (37) hind tibia length (HTL),

(38) hind basitarsus length (HbtL), (39) hind basitarsus

width (HbtW) and (40) number of flagellomeres (FgmN).

The observations pertaining to the bilateral body-parts such

as eyes, antennae, legs and wings were taken on right side

body part.
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Results and Discussion

The identity of Tetragonula iridipennis Smith, largely

depends on the works of Sakagami [6], Rosmussen [2, 7],

and Sakagami and Inoue [17]. These authors considered the

size differences as key morphological characteristics for

species identification in addition to male genitilia and

sternal characters. The metric values for the various mor-

phological characters recorded in the present specimens are

given in Table 1.

Systematics

Genus Tetragonula Moure, 1961.

Tetragonula iridipennis (Smith, 1854) Sakagami, 1978.

Synonym Trigona iridipennis Smith, 1854.

Material examined (Figs. 1–7).

India (5 workers): 2 $$, Ludhiana, in central plain zone

of Punjab, from Brassica napus, 14.ii.2013, 30�530500 N
and 75�4802100 E, 256 m a.s.l., coll. G.S. Makkar; 2 $$,

Hoshiarpur, in sub-mountain undulating of Punjab, from

Helianthus annuus, 4.v.2013, 31�22051.900 N and 75�530200
E, 296 m a.s.l., coll. G.S. Makkar; and 1 $, Muktsar, in

western zone of Punjab, from Trifolium alexandrinum,

12.v.2013, 30�2506.900 N and 74�3601.800 E, 184 m a.s.l.,

coll. G.S. Makkar. Type specimens have been deposited in

the collection of Insect Museum at Punjab Agricultural

University and National Pusa Collection, Indian Agricul-

tural Research Institute (IARI), New Delhi.

Molecular Characterization

DNA barcoding offers a highly precise means of species

identification using mitochondrial gene, cytochrome c oxi-

dase I (COI) [18]. A 654 bp DNA barcode sequence of T.

iridipennis has been established by using protocols dis-

cussed earlier. The sequence composition was Adenine

(172), Guanine (87), Cytocine (136) and Thymine (259).

The edited sequence of T. iridipennis was put in a BLAST

(Basic Local Alignment Search Tool) search to compare

the present sequence with GenBank database of sequences

to identify the database sequences that resemble the present

sequence. Based on this alignment, T. laeviceps, T.

sirindhornae, T. latigenalis, T. fuscobalteata and T. testa-

ceitarsis showed 86.9, 85.21, 83.2, 80.43 and 80.43 %

sequence similarity, respectively to T. iridipennis. The COI

gene based sequence of this species has been made avail-

able in GenBank, NCBI (http://www.ncbi.nlm.nih.gov/)

under accession ‘KT960851’ and Barcode of Life Data

Systems (BOLD) (http://www.boldsystems.org) under BIN

‘BOLD:ACT1038’. The illustrative DNA barcode of the

species is presented in Fig. 8.

Dimensions

The total body length ranged from 3.59 to 3.67 mm, head

width from 1.59 to 1.61 mm, compound eye length from

1.05 to 1.06 mm, median ocellus diameter from 0.16 to

Table 1 Measurements of workers of Tetragonula iridipennis col-

lected in Punjab

Character Measurements (mm)a

Body length 3.653 ± 0.016

Head/face length 1.232 ± 0.002

Head width 1.605 ± 0.003

Thorax length 1.519 ± 0.002

Thorax width 1.144 ± 0.003

Abdomen length 1.478 ± 0.004

Abdomen width 1.162 ± 0.005

Clypeus length (antero–posterior) 0.273 ± 0.002

Clypeus width (maximum) 0.510 ± 0.002

Lower inter-orbital distance 0.815 ± 0.002

Upper inter-orbital distance 1.029 ± 0.003

Inter-orbital distance through antennal sockets 1.034 ± 0.002

Clypeoantennal distance 0.077 ± 0.001

Compound eye length 1.052 ± 0.002

Compound eye width 0.249 ± 0.001

Distance between antennal sockets 0.169 ± 0.001

Interocellar distance 0.350 ± 0.002

Ocellocular distance 0.218 ± 0.001

Antennocellar distance 0.678 ± 0.002

Antennocular distance 0.273 ± 0.002

Clypeocular distance 0.107 ± 0.001

Median ocellus diameter 0.170 ± 0.002

Labrum length 0.049 ± 0.001

Labrum width 0.285 ± 0.003

Antennal sockets maximum diameter 0.139 ± 0.001

Scape length (Rt.) 0.521 ± 0.002

Scape diameter (Rt.) 0.089 ± 0.001

Pedicel length (Rt.) 0.118 ± 0.003

Flagellum length (Rt.) 1.132 ± 0.003

3rd flagellomere diameter 0.117 ± 0.001

Forewing length (Rt.) 3.739 ± 0.004

Forewing width (Rt.) 1.382 ± 0.003

Hindwing length (Rt.) 2.476 ± 0.003

Hindwing width (Rt.) 0.671 ± 0.001

Jugovannal index 49.885 ± 0.050

Hamuli number 5.000 ± 0.000

Hind-tibia length (Rt.) 1.477 ± 0.005

Hind-basitarsus length (Rt.) 0.512 ± 0.003

Hind-basitarsus width (Rt.) 0.273 ± 0.003

Number of flagellomeres 10.000 ± 0.000

a Values are mean of five replications ± SEm

Rt. right side
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Figs. 1–7 Worker of Tetragonula iridipennis (Smith, 1854). 1
Mounted view. 2 Ocelli, compound eye and antennae. 3 Lower

frontal view of head showing partially hidden labrum, mandibles and

proboscis. 4 Thorax and Abdomen. 5 View towards propodeum,

hindleg with corbicula. 6 Forewing view. 7 Hind wing with five

hamuli

Fig. 8 Illustrative DNA barcode of Tetragonula iridipennis (Smith, 1854) based on mitochondrial COI gene based sequence
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0.17 mm, diameter of third flagellomere from 0.11 to

0.12 mm, and forewing length including tegulae ranged

from 3.73 to 3.75 mm. The other important measurements

(means in mm) of the species were LIOrd = 0.82, IOr-

Das = 1.03, IOD = 0.35, OOcuD = 0.22, MOD = 0.17,

and 3FgmD = 0.12. The hamuli number in the species was

5. These observations were compared with morphometrics

and description (key identification characters of Te-

tragonula iridipennis based on worker caste from Indian

subcontinent) given by Rasmussen [2] which supported the

identity of the collected specimens. The description by the

latter is as follows:

a. Inner surface of hind basitarsus with differentiated

basal sericeous area of short, dense hairs (Tetragonula

Moure 1961).

b. ‘iridipennis’ species group includes smaller forms with

forewing length including tegulae, between 3.5 and

4.2 mm; head width between 1.5 and 1.8 mm; having

dark mesoscutum with four distinct bands of pub-

escence separated by broad glabrous interspaces.

Geographical Distribution

In Indian subcontinent, studies on stingless bees’ diversity

and distribution are a few. However, the species has been

reported from Haryana [19], Rajasthan [20], Bangalore

(Karnataka) [21], Kerala [22], Jammu & Kashmir, Maha-

rashtra, south India (Andhra Pradesh, Tamil Nadu, Kar-

nataka) and north east India (Assam, Arunachal Pradesh,

Nagaland, Meghalaya) [13].

Table 2 Record of foraging plants of Tetragonula iridipennis in Punjab

Scientific name English/vernacular name Flowering period Floral rewards

Abelmoschus esculentus Okra October p

Allium cepa Onion April n, p

Antegonon sp. Bee bush August–September n

Anethum graveolens Dill seed March n, p

Bombax ceiba Kapok tree/Red silk cotton tree October honey dew

Brassica juncea Indian mustard February–March n, p

Brassica napus Oilseed rape February–March n, p

Brassica rapa Field mustard/Toria November–first fortnight of December n, p

Cajanus cajan Pigeon pea September n

Capsicum sp. Bell pepper September p

Chrysanthemum sp. Guldaudi February p

Coriandrum sativum Coriander March n, p

Crotalaria juncea Sunhemp September p

Cucurbitaceae Cucurbits April–June n, p

Foeniculum vulgare Fennel/Saunf Second fortnight of March–first fortnight of April n, p

Gossypium hirsutum Cotton September n, p

Helianthus annuus Sunflower April p

Hemilia patens Firebush/Scarlet bush/Humming bird bush Throughout year n, p

Jatropha sp. Ratanjot/Jamal-ghota Throughout year n, p

Lagerstoemia sp. Pride of India July n, p

Luffa acutangula Ridged gourd/Tori August–October n, p

Pennisetum glaucum Pearl millet/Bajra September p

Psidium guajava Guava March–April and August–September n, p

Pyrus pyrifolia Asian pear March n, p

Stellaria media Chickweed February–March n

Syzygium cumini Indian blackberry/Jamun October n

Thevetia sp. Kaner June–July n

Trifolium alexandrinum Egyptian clover April–May n, p

Vigna radiata Green gram September n

Zea mays Maize May n, p

Zizyphus mauritiana Jujube/Indian plum/Ber October n
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In Punjab, the species has been recorded in central plain

agroclimatic zone and subsequently in sub-mountain

undulating and western zone.

Floral Association

Stingless bees are ecologically important because of their

role in pollination of various crops. The foraging plants

visited by T. iridipennis in the region have been docu-

mented as a first step towards making a comprehensive

inventory of its host plants. The species has been recorded

foraging on 31 plant species including Brassica napus,

Helianthus annuus, Brassica juncea, Brassica rapa, Tri-

folium alexandrinum, Pennisetum glaucum, Crotolaria

juncea, Allium cepa, Coriandrum sativum, Anethum neve-

olens, Cajanus cajan, Psidium guajava, Syzgium cumini

etc. in Punjab. Of the 31 foraging plants recorded, 17

provided both nectar and pollen, 7 provided only nectar

and 6 provided only pollen. The detailed account on the

species floral association in Punjab is presented in Table 2.

In Kerala (India), the species has been reported to visit 77

plants comprising 21 for both nectar and pollen rewards, 37

for only nectar and 19 for only pollen [23].

Male

No males were recorded in the present collection of T.

irridipennis.

Future Perspective

Stingless bees are highly evolved social insects and live in

a colony with organized system of division of labour with a

great potential to successfully pollinate large number of

food plants in open and in protected systems of cultivation.

The present state of knowledge of diversity, biology, col-

ony organization, nesting characteristics, husbandry

including colony multiplication and foraging plants of

stingless bees of India and the Punjab in particular, is

inadequate, and thus, systematic investigations are desired

to completely understand all these attributes for realizing

higher honey harvests as well as for their commercial uti-

lization as pollen vectors particularly for the crops grown

under various protected cultivation systems.

Conclusion

In conclusion, eight named species of stingless bees

including four species from ‘iridipennis’ species group

have been reported from India, but the species diversity of

stingless bees in the Punjab needs to be investigated. The

cytochrome c oxidase subunit I (COI) marker (standard

DNA barcode region) based sequence of the species will

serve as a permanent tool for species level identification.

The morphometric data of the present bee specimens pro-

vided highly useful information for identification and

comparison with metric values of T. iridipennis given by

Rasmussen [2]. Since, the crop pollination under protected

environments is a challenge due to existence of a physical

barrier which prevents the access of natural pollinators to

flowers, the research on potential pollinators under such

conditions is of immense value. Their smaller colony size

and short flight range put them at advantage than the Apis

species as pollinator of crops under enclosures. Several

stingless bee species have been reported to provide ade-

quate pollination services to many crops grown under

protected cultivation, such as strawberry, eggplant, sweet

pepper, tomato and cucumber [24], although their use for

pollination purposes at commercial level is still in devel-

opmental stage [25]. The present results serve as a potential

basis for integration of this species for managed crop

pollination. Further, systematic investigations on stingless

bees in different agroclimatic zones of the Punjab needs

additional collections to completely understand their spe-

cies richness, diversity, distribution, floral associations,

which in turn would assist in their potential commercial

exploitation for pollination purposes.
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