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Abstract

Lac insects belonging to Kerria species are the most commonly used species for commercial lac
production. They are also harnessed for the production of lac dye and wax. Using five Exon Primed
Intron Crossing (EPIC) PCR primers for Kerria spp., we studied the intra- and interspecific variation
among a population of forty eight lac insect lines. The study separated K. chinensis from rest of the lines
and also made differentiation between the infrasubspecific forms of K. lacca i.e., kusmi and rangeeni.
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1. Introduction

The development of molecular techniques for genetic analysis has led to a great increase in our
understanding of insect genetics. Variations or polymorphisms in DNA sequences can be
exploited as genetic markers (usually called molecular markers), which are very useful tools
for genetic research (e.g. construction of genetic maps, mapping of genes or quantitative trait
loci) and breeding (e.g. marker-assisted selection). Intron polymorphisms have been
successfully utilized in population genetics surveys [¥1 and gene mapping ™. Introns are
widespread and abundant in eukaryotic genomes [56l. For example, introns constitute
approximately 11 and 24% of the fruit fly [l and human [& genomes, respectively. The non-
coding introns are more variable than coding sequences and the intron length polymorphism
(ILP) is easy to recognize. Lessa (1992) M introduced intron-targeted PCR, in which a non-
coding intron was amplified using primers designed from highly conserved exon sequences.
This approach, called Exon-Primed Intron-Crossing (EPIC)-PCR by Palumbi and Baker
(1994) [ has been shown to yield substantial variability, mainly from intron length
polymorphism and was successfully used in several population genetic surveys 1. Introns
have also been successfully used in species-level studies [10-13, The advantage of EPIC-PCR is
that exon sequences are relatively more conservative and therefore the primers designed in
exons may have more extensive applications than those designed in non-coding sequences.
EPIC-PCR has several advantages in populations genetic studies: (i) by using primers from
heterologous genes, cloning and sequencing of target can be avoided; (ii) cross-species
amplification should be easier than when primers are designed in non-coding sequences
because exon sequences are more conserved across species; (iii) for the same reason, within
species, PCR artifacts such as null alleles are expected to be less frequent. Further advantage
of EPIC markers is that having both the exon and intron fragments, it can be useful for
examining genetic variation at the intraspecific and interspecific levels simultaneously, a
feature that is particularly useful when studying species complexes. It also helps in assessing
the orthology of collected sequences [,

The present investigation involves the study of lac insect phylogeny using EPIC primers. Lac
insect belongs to the family Tachardiidae (=Kerriidae), a specialized group in Superfamily
Coccoidea (Hemiptera: Sternorrhyncha) which comprises of about 7,500 species under
variable number of families (20 and above) [*°l. The lac insect thrives on specific plant species
and secretes a protective resinous covering from the epidermal glands. Lac insects are widely
used and produced in India for resin as well as for dye and wax; intensive research has resulted
into the application of lac in areas such as food, cosmetics, pharmaceutics, ethnic jewellery,
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varnishes and paints, adhesives, perfumes, food coloring, etc
116181 The lac insects are mainly distributed in the tropical and
subtropical regions between the latitudes 40° N and 40° S 119
and it confines the production of lac to a few countries in the
tropical forest region '8, Twenty-one species of Kerria have
been reported so far 0. Qut of the 14 species of Kerria
reported in India, only a few are exploited for commercial lac
production 21, The lac production in India is derived
practically from the Indian lac insect Kerria lacca (Kerr),
which is represented by two infra-subspecific forms, viz.,
rangeeni and kusmi, which differ for their host preference, life
cycle patterns and quality of resin secreted [19; and maintain
their genetic identity due to their preference of host and
asynchronous life cycle pattern restricting crossbreeding under
natural conditions. Other minor species are K. sharda 1?4 and
Kerria chinensis. Palas (Butea monosperma), ber (Ziziphus
mauritiana) and kusum (Schleichera oleosa) are the common
hosts used for lac production in India 3. There is a long felt
need for the study of phylogenetic study of lac insects. Among
the various markers available for this purpose, EPIC markers
have been proved useful. Hence the present study was taken up
with following objectives (1) to develop EPIC primers for lac
insects using the published green pea aphid, Acyrthosiphon
pisum genome; (2) to survey a set of lac insect lines using the
primers; (3) to investigate the relationship between intron size,
amplifiability and inter- and intra-specific genetic distance of
target insects in order to predict how distantly related two
insects of same species can be.

2. Material and Methods

2.1 Primer designing

For an year long phylogenetic study of lac insects using EPIC-
PCR, intron flanking primers were designed to amplify introns
of five genes viz. ATP synthase-alpha subunit (eUN1),
Cathapsin (CA4), Actin, Myosin (MY2), Iw-Rh gene for long
wavelength opsin (eAP3) and S7 Ribosomal protein (RP1)
coding gene sequences. Four universal EPIC markers for
nuclear genes of multicellular organisms were also used for the
amplification of introns from ATPSa, Adenine Nucleotide

Translocator (ANT), Signal Recognition Particle 54 (SRP54)
and Tata Binding Protein (TBP) coding gene sequences [?4.
The primers were designed using PRIMER-BLAST, an online
primer designing tool from NCBI, where the organism for
specificity checking was limited to A. pisum, Green pea aphid.

2.2 Insect Materials and DNA Isolation

Mature female insects were collected from lac insect cultures
being maintained at the Gene Bank of Indian Institute of
Natural Resin and Gum (IINRG), Ranchi, India. The insects of
48 different lines were kept in 100% ethanol for 48 hours at
room temperature to dissolve the resinous covering followed
by cleaning the insects with sable hair brush under a stereo
zoom microscope. The cleaned insects were kept at —-80 °C
overnight prior to the genomic DNA isolation. Genomic DNA
was isolated using HipurA Insect DNA Purification Spin Kit
(Himedia), as per manufacturer’s instructions.

2.3 PCR Amplification and Sequencing

The primers were screened against 48 lac insect lines and the
amplification was observed only in five primer sets. All the
amplified loci obtained from Cathapsin, Myosin, lw-Rh gene
for long wavelength opsin, S7 Ribosomal protein and ATPSa
were easily resolved by agarose or acrylamide gel
electrophoresis and sizes ranged from 100 bp up to 2000 bp.
The PCR reactions were performed in 50 pl reaction mixtures
containing 40 ng of template DNA, 1X Taq buffer [100 mM
Tris-HCI (pH 8.8), 500 mM KCI, 0.8% (v/v) Nonidet P40;
Thermo Scientific, USA], 2.0 mM MgCl; (Thermo Scientific,
USA), 0.2 mM of each dNTP mix (Affymetrix USB,
Cleveland), 10 picomoles of each primers, 3 units of Tag DNA
polymerase (Thermo Scientific, USA). The PCR reactions
were carried out with the following cycling conditions. Initial
denaturation of template DNA was carried out at 95 °C for 5
min followed by 35 cycles programmed for denaturation step
at 95 °C for 30 sec, primer annealing step at specific
temperature (Table 1) for 30 sec, and DNA extension step at
72 °C for 1 min. The final extension of the PCR products was
carried out at 72 °C for 10 min.

Table 1: Primers used for the EPIC-PCR against lac insect DNA

Primer ) o ™ - Amplicon length
D Sequences (5’- 37) (°C) Gene amplified (bp)
CA4 F TTTTTG TTG TTC TCC CAT GC Cathapsin 250
700
CA4 R CGACTT CACTTG TAG AATTA 42 1000
2000"
MY2_F GTC CTC TTT GCC CAA AAT GC 50 Mvosin 300"
MY2_R GCA GCC GTA AAAAGT TCATCC Y 350
eAP3_F GGG TCA CAT CAA TAT GGA CAA 100
175
40 Iw-Rh gene for long wavelength 400
eAP3_R GTC ATAGGTTTT GCA GAT A opsin 450"
600
1000
eUN1 F GAG CCM ATG CAG ACT GGT ATT AAG 625
— GCY GT 54 ATPS 1200"
cUNL R TTG AAN CKC TTC TGG TTG ATG ATG ¢
— GTG TC
RP1 F AAT GGACTTATC TTTTTC GC 40 S7 Ribosomal protein 1100
RP1 R GTA GTT ATA CTG AAAAAA GC 2000

*Amplicon size having the most common presence in the majority of insect lines.
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Table 2: List of lac insect lines used in the study along with their description

Sl. No. Institute 1D Place of collection
1. IINRG-LIK 0001 Korba, Chhattisgarh
2. IINRG-LIK 0002 Ranchi, Jharkhand
3. IINRG-LIK 0003 Sundergarh, Orissa
4. IINRG-LIK 0004 Palamau, Jharkhand
5. IINRG-LIK 0005 Bokaro, Jharkhand
6. IINRG-LIK 0006 Medinipur, West Bengal
7. IINRG-LIK 0007 Sarat, Mayurbanj, Orissa
8. IINRG-LIK 0008 Bangalore, Karnataka
9. IINRG-LIK 0010 Thrissur, Kerala
10. IINRG-LIK 0011 Udaipur, Rajasthan
11. IINRG-LIK 0012 Jhalod, Rajasthan
12. IINRG-LIK 0013 Ludhiana, Punjab
13. IINRG-LIK 0014 Jammu, J&K
14. IINRG-LIK 0015 Banaskantha, Gujarat
15. IINRG-LIK 0016 Chhotaudepur Gujarat
16. IINRG-LIK 0017 Ahmednagar, Maharashtra
17. IINRG-LIK 0018 Aurangabad, Maharashtra
18. IINRG-LIK 0019 Maharajganj,Uttar Pradesh
19. IINRG-LIK 0020 Echoda, Andhra Pradesh
20. IINRG-LIK 0021 Experimental line
21. IINRG-LIK 0023 Thailand
22. IINRG-LIK 0024 Experimental line
23. IINRG-LIK 0025 Ranchi, Jharkhand
24. IINRG-LIK 0027 Silli, Jharkhand
25. IINRG-LIK 0028 Bokaro, Jharkhand
26. IINRG-LIK 0029 Korba, Chhattisgarh
27. IINRG-LIK 0031 Nangpoh, Meghalaya
28. IINRG-LIK 0032 Ahmedabad, Gujarat
29. IINRG-LIK 0037 Ranchi, Jharkhand
30. IINRG-LIK 0038 Bhopal, Madhya Pradesh
31. IINRG-LIK 0039 Nawadih
32. IINRG-LIK 0041 Bandagaon
33. IINRG-LIK 0042 Selection
34, IINRG-LIK 0043 Experimental line
35. IINRG-LIK 0044 Experimental line
36. IINRG-LIK 0045 Experimental line
37. IINRG-LIK 0046 Experimental line
38. IINRG-LIK 0047 Experimental line
39. IINRG-LIK 0048 Experimental line
40. IINRG-LIK 0049 Experimental line
41. IINRG-LIK 0059 Dhanbad, Jharkhand
42. IINRG-LIK 0060 Purulia, West Bengal
43. IINRG-LIK 0061 Bankura, West Bengal
44, IINRG-LIK 0062 Medinipur, West Bengal
45, IINRG-LIK 0063 Patiala, Punjab
46. IINRG-LIK 0064 Varanasi, UP
47, IINRG-LIK 0065 Bankhedi, MP
48. IINRG-LIK 0066 Imphal, Manipur

2.4 Binary data analysis

The consistent bands produced from repetition of the EPIC
amplification for each primer was considered for scoring
through binary method. The clear and unambiguous bands
present across the DNA samples from forty-eight Kerria lines
at particular locus (based on size) were scored as 1 while for
absence or very faint were scored as O to generate a binary

matrix, which was used for all the analysis. In order to study
the genetic relationships among the Kerria lines, the scored
binary matrix was analyzed using the software program
DARwin 5. The scores were used for computing dissimilarity
based on “presence/absence” dissimilarity index using
Jaccard’s coefficient, and the dendrogram was generated using
neighbor-joining method.
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Fig 1: Dendrogram of 48 lac insect lines showing phylogenetic relationship generated from Jaccard’s similarity coefficients based
on EPIC PCR data, using neighbor-joining method.
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LIKO006 Myosin gene intron 1
LIKO062 Myosin gene intron 1
LIKO059 Myosin gene intron 1
LIK0047 Myosin gene intron 1
LIK0042 Myosin gene intron 1
LIK0037 Myosin gene intron 1
LIK0028 Myosin gene intron 1
LIK0025 Myosin gene intron 1
LIK0018 Myosin gene intron 1
LIKO015 Myosin gene intron 1
LIKO012 Myosin gene intron 1
LIKO008 Myosin gene intron 1
LIKO004 Myosin gene intron 1
LIKO001 Myosin gene intron 1
LIKO002 Myosin gene intron 1
LIKO005 Myosin gene intron 1
LIKO010 Myosin gene intron 1
LIK0013 Myosin gene intron 1
LIKO016 Myosin gene intron 1
LIKO019 Myosin gene intron 1
22 | LIKOO26 Myosin gene intron 1
LIK0029 Myosin gene intron 1
LIK0038 Myosin gene intron 1
LIK0043 Myosin gene intron 1
LIK0048 Myosin gene intron 1
LIKO060 Myosin gene intron 1
LIK0024 Myosin gene intron 1
LIKO063 Myosin gene intron 1
LIKO003 Myosin gene intron 1
LIKO007 Myosin gene intron 1
LIKOO11 Myosin gene intron 1
LIKO014 Myosin gene intron 1
LIKO017 Myosin gene intron 1
LIK0020 Myosin gene intron 1
LIK0027 Myosin gene intron 1
LIK0032 Myosin gene intron 1
LIKO039 Myosin gene intron 1
LIK0046 Myosin gene intron 1
91 LIK0049 Myosin gene intron 1

LIKO061 Myosin gene intron 1
LIKO064 Myosin gene intron 1
LIKO066 Myosin gene intron 1

LIK0041 Myosin gene intron 1

55 | LIK0044 Myosin gene intron 1
32/ LIK0045 Myosin gene intron 1
LIK0065 Myosin gene intron 1

LIK0023 Myosin gene intron 1

LIKO031 Myosin gene intron 1
0.005

Fig 2: The evolutionary tree of 48 lac insect lines showing phylogenetic relationship generated using the Neighbor-Joining
method (Saitou and Nei 1987). The analysis involved 48 nucleotide sequences from intron region of myosin gene.

3. Results and Discussion insect lines into two major clusters (nodes A and B) and
The Jaccard’s similarity matrix using neighbour-joining  outgroups comprising seven lines under three branches. The
method generated a dendrogram (Fig. 1) which resolves the  cluster originating from node A comprises of 15 lines, which
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includes mainly the rangeeni forms of K. lacca. This cluster is
further differentiated into two subclusters (A: and Az). The
subcluster Al is heterogeneous group of seven lines,
comprising of two cultivated rangeeni lines (LIK0045 and
LIK0049), two kusmi lines (LIKO003 and LIK0041) and three
lines of cultivated populations from Punjab, Jammu and
Karnataka. The subcluster A2 comprises of eight lines, which
includes four lines of cultivated populations from West
Bengal, Rajasthan, Punjab and Andhra Pradesh (LIK0060,
LIKO0012, LIK0063 and LIK0020), rest of the lines are cross
bred lines.

The node B comprises of twenty six lines, which include two
K. chinensis lines along with five kusmi and other identified
rangeeni forms of K. lacca. The subcluster B1 comprises of
nine lines which are the cultivated lines of Maharashtra,
Jharkhand, Orissa, West Bengal, Gujarat and Rajasthan. The
subcluster B, is a major branch with seventeen lines, which
includes the rangeeni forms, five lines from Jharkhand
(LIKO0025, LIK0004, LIK0037, LIK0O059 and LIK0028), two
lines from West Bengal (LIK0O061 and LIK0062), two from
Uttar Pradesh (LIK0O019 and LIKO0064), it also includes two
inbred lines (LIKO043 and LIK0044) and a line from
Bankhedi, Madhya Pradesh. The three kusmi forms (LIK0042,
LIKO0039 and LIK 0001) and two Kerria chinensis lines from
Meghalaya and Thailand (LIK0031 and LIK0023) can also be
observed in this subcluster. The remaining seven lines form
outgroup, which is dominated by the rangeeni infra-
subspecific form of K. lacca.

The evolutionary history involving 48 intronic sequences of
myosin gene was inferred using the Neighbor-Joining method
1251, The percentage of replicate trees in which the associated
taxa clustered together in the bootstrap test (10000 replicates)
are shown next to the branches in Fig 2 261, The evolutionary
distances were computed using the Maximum Composite
Likelihood method 7 and are in the units of the number of
base substitutions per site. Evolutionary analyses conducted in
MEGADS [28] separated K. chinensis (LIK0031 and LIK0023)
from rest of the lines; no significant sequence variation was
observed among other strains of K. lacca.

Study of inter and intraspecific variation of indigenous lac
insect races to determine the genetic variability of lac insect is
essential in order to understand, document and harness the
biodiversity of such an economically important insect for lac
production in India. Inter- and intra-specific genetic variation
using RAPD markers have been studied previously [2°1 among
the lac insect populations. The present study using EPIC
markers supports the status of infra-subspecific forms of K.
lacca and separates K. chinensis from other insect lines, in
accordance with the previous findings [2°,
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