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Abstract

The only true flying mammal bat (Order: Chiroptera) has number of food habits. Depending on the
food sources bats are grouped into frugivorous (eat fruit, seed and pollen), insectivorous (eat
mosquitoes, moth and beetle), piscivorous (eat fish), nectarivorous (feed on nector), carnivorous (eat
frog and lizard), and sanguivorous vampire bats (feed on blood). These differences in feeding habit
alter their intake of nutrients like protein and carbohydrates. Diet of frugivorous bats is deficient in
proteins but rich in carbohydrates, whereas the insectivorous bats feed on protein rich diet. Bats
species are thought to evolve to feed on varied food resources and therefore considered to have
undergone the physiological, behavioral, metabolic, and genetic adaptations to cope up with this
change. In present research work, we studied Homogentisate 1, 2 dioxygenase (HGD) gene in
frugivorous bat (Cynopterus sphinx) and insectivorous bats (Hipposideros fulvus and Scotophilus
heathi). The HGD enzyme plays role in catabolism of tyrosine amino acid. The nucleotide
sequencing analysis across these bat species suggests presence of 90% or above conserved regions in
the HGD gene. The variable sites in the gene are the result of synonymous as well as non-
synonymous substitution occurred during evolution of bats. Most of the nucleotide substitutions are
transition type. In comparison to C. sphinx, the gene expression of HGD for H. fulvus showed 26 fold
incease while S. heathi showed 17 fold increase. Phylogenetic analysis of HGD shows divergence of
frugivorous bats from insectivorous bats earlier in the evolution.

Keywords: Homogentisate 1, 2 dioxygenase (HGD), C. sphinx, H. fulvus, S. heathi, gPCR, frugivorous
bat, insectivorous bat, alkaptonuria

Introduction

Catabolism of tyrosine takes place in five step process, involving equal number of enzymes
encoded by genes Tat, HPD, HGD, MAAI/GSTZ1 and FAH genes [1]. The complete
phenylalanine/tyrosine degradation pathway is expressed in hepatocytes and renal proximal
tubular cells [2]. The catabolism of tyrosine occurs mainly in liver when it is no longer
required or present in excess [3]. In the third reaction of catabolism, homogentisic acid
(HGA) is converted to maleylacetoacetate (MAA) by enzyme homogentisate 1, 2
dioxidgenase (HGD) which is encoded by gene HGD [4]. In humans alkaptonuria (AKU) or
ochronosis a rare autosomal recessive disorder caused by deficiency of HGD, which leads to
the accumulation of homogentisic acid (HGA), since it cannot be converted to
maleylacetoacetic acid in the tyrosine catabolic pathway [5]. Darkening of the urine upon
standing is usually the first sign of AKU, characteristic of homogentisic acid excretion [3].
The human gene HGD contains 14 exons and covers 60 kb of genomic DNA [6].

The study of HGD in bats is largely confined to hibernating and non-hibernating bats. In
hibernating animals commonly number of changes observed, which involve a controlled
reversible reduction of body temperature, metabolic rate, and many other physiological
processes [7—10]. During hibernation, many hibernators do not feed and depend largely on
fat reserves for energy by switching from glucose utilization to lipid consumption [7, 9]. Asa
preparation for hibernation, the weight and fat mass of some hibernators (e.g., squirrels, bats,
and black bears) are greatly increased in summer and autumn [7]. Several mechanisms that
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may prevent muscle atrophy or loss of liver proteins have
been proposed, including the production of proteolytic
inhibitors [11, 12], continual protein synthesis [14, 15],
maintenance of proper protein folding [13], and
preservation of essential amino acids such as phenylalanine
(Phe) and tyrosine (Tyr) [14-16]. These two amino acids
are both glucogenic and ketogenic in energy production.
They are also precursors of thyroid hormones and
catecholamines (e.g., adrenaline, noradrenaline, and
dopamine) that can act on adipose tissue to modulate
thermal and energy balance during hibernation [17, 18]. In
another case, the feeding habits of the bat shows difference
in intake of food and its constituents. Bats can feed on
diverse food sources and can be grouped into frugivorous
(eat fruit, seed and pollen), insectivorous (eat mosquitoes,
moth and beetle), piscivorous (eat fish), nectarivorous (feed
on nector) carnivorous (eat frog and lizard), and
sanguivorous vampire bats (feed on blood) [19]. These
differences in feeding habit alter their intake of nutrients
like protein and carbohydrates [20, 21, 22]. Diet of
frugivorous bats is deficient in proteins but rich in
carbohydrates, whereas the insectivorous bats feed on
protein rich diet [22, 23]. Bats species are thought to evolve
to feed on varied food resources, and therefore considered
to have undergone the physiological, behavioral, metabolic,
and genetic adaptation to cope up with this change [21, 24].
Gene expression analysis requires sensitive and accurate
techniques capable of measuring the levels of messenger
RNA (mRNA) expressed in a cell at a specific moment.
Until recently, gene expression levels were generally
determined through the northern blotting technique, which

is slow, requires microgram amounts of mMRNA [25] and
poorly detects low expression levels. Currently, RT-qgPCR
is the most sensitive and specific method for detection of
gene expression at both low and high levels. Thus, RT-
gPCR technique was used for gene expression analysis in
liver tissues of bats. A housekeeping gene eukaryotic
elongation factor 2 (EEF2) was used as intrinsic control.

Material and methods

Animal collection and tissue isolation:

Before collecting the animals from the wild, permission
was taken from Maharashtra State Biodiversity Board
(MSBB) and animals were handled as per the guidelines of
CPCSEA. All three bats species (C. sphinx, H. fulvus, and
S. heathi) were collected from Elephanta island region
(18.96°N, 72.93°E), Mumbai, India. During the period from
December 2015 to February 2016, by using mesh nets. The
C. sphinx bats roost in canopy and were collected at the
time of feeding on fruits at night, whereas insectivorous
species H. fulvus and S. heathi were collected from the
caves and wall crevices during day time. Three specimens
of each species were collected and transported to the
laboratory in a cage within four to five hours time. The
animals identification was done by taking external
measurements like ear pinna length, fore arm length, head
body length, hind foot length, tail length, third metacarpal
length, length of the first phalanx of the third metacarpal,
maxillary tooth row, mandibular tooth row [26]. The
animals were sacrificed by cervical dislocation method.
The liver tissues were isolated and stored in RNAlater
solution (Sigma-Aldrich) at 4°C.

Table 1: PCR primers used for HGD gene

Bat species | Set Primer sequence (5°23°) Annealing temp (°C)
cs1 Forward 1: CAGCTCTCAGGATCAGCTTTCA 60.00
C. sphinx Reverse 1: GGCACTTGGCGATCTTCATA
cs2 Forward 2: GGAATGCGGTTCAGCATAGA 58.50
Reverse 2: CCTGGAATTGGAGGTGAAGT )
HF1 Forward 1: CAGCTCTCAGGATCAGCTTTCA 60.00
H. fulvus Reverse 1: GGCACTTGGCGATCTTCATA
HE2 Forward 2: GGAATGCGGTTCAGCATAGA 58.50
Reverse 2: CCTGGAATTGGAGGTGAAGT
SH1 Forward 1: CAGCTCTCAGGATCAGCTTTCA 60.00
S, heathi Reverse 1: GGCACTTGGCGATCTTCATA
SH2 Forward 2: GGAATGCGGTTCAGCATAGA 58.50
Reverse 2: CCTGGAATTGGAGGTGAAGT

RNA isolation and cDNA preparation:

RNA was extracted using the RNAiso Plus (TaKaRa™)
according to the manufacturer’s protocol. For making
cDNA, RNA was quantified using Thermo Scientific
nanodrop 1000 spectrophotometer.

Gene specific pre sequencing PCR:

In order to amplify the HGD gene, the gene specific
primers were designed for each bat species. For primer
designing, the reference sequences were used from NCBI
database. Software like Primer3 and primer-BLAST were
used to pick the primers. In order to get overlapping
sequences, two sets of PCR primers were used (Table 1).
Polymerase Chain Reaction (PCR) was set up using
emerald DNA Taq polymerase Master Mix. Initial
denaturation for 10 seconds at 94°C. In each cycle,
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denature 30 seconds at 98°C, primer annealing for 30
seconds at variable temperature as mentioned in table 1.
Extend DNA for 1 minute at 72°C. Step denaturation,
annealing and extension repeated for 35 cycles, final
extension for 10 minutes at 72°C

DNA Sequencing:

For DNA sequencing, 60-100 ng concentration of PCR
product was used. The sequencing was done by using
Sanger’s dideoxy sequencing method, or chain termination
sequencing.

A. The specifications for sequencing used
Instrument: 3130xI Genetic Analyzer, Applied Biosystem
Capillary: 16 Capillaries of 50 cm length.
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Table 2: Primers used for Real-time PCR

Species name | Gene | Primer Primer sequence Annealing temp. (°C)
HGD F CTACGGCGTCCACTTTGAG 583
C. sphinx R GATCTTCATACCAGGCGACAG
EEF? F GCCGATCCAGAGAACAATCC 60.3
R GTGGTGATAGTGCCAGTCTTC
HGD F GAGATCTGCGTCATTCAGAGAG 586
H. fulvus R CCCAGATCAGGCAACTCAAA
EEE2 F TGAGAAGTACGAGTGGGATGT 56.8
R CCACACTGTCCTTGATCTCATT
HGD F AGATGTGTTCGAGGAGACTAGA 586
S. heathi R TCAGGAAATCACGAGGATTGG
EEE2 F TACCTGGCTGAGAAGTACGA 56.3
R GCTGTCCTTGATCTCGTTGA

B. Sequencing using control DNA:

A control DNA template was used as one of the templates
in a set of sequencing reactions. The results from the
control help to determine whether failed reactions are the
result of poor template quality or sequencing reaction
failure. Control DNA sequence used in the reaction
pGEM®-3Zf (+) as a double-stranded control

C. 16-capillary 3130xI Genetic Analyzer:
With 16-capillary throughput and advanced automation
capabilities, the 3130xI system was used.

D. Detection method:

A sensitive detection system is designed in the 3130xl
Genetic Analyzer instrument was used. The emitted
fluorescent light is collected, separated by wavelength, and
focused onto a charge coupled device (CCD).

E. Spectral array detection:

The fluorescent light collected and dispersed across the
CCD was transferred to the computer where it was
transformed by chemometric algorithmic processing into 4-
or 5-dye electropherograms.

Quantitative PCR (gPCR or Real-time PCR):
In order to know the expression levels of the genes
involved in tyrosine catabolism, Real-time PCR was

performed using gene specific primers and SYBR green 1.
The housekeeping gene EEF2 was used as internal control
(Table 2).

The kit used for gPCR was SYBR Premix Ex Taq (Tli
RNaseH Plus). The machines used for quantitative PCR
was Applied Biosystems 7500 Real-Time PCR System,
StepOne PCR SYSTEM.

Analysis and interpretation of the data:

The gene sequenced chromatograms were read and
analyzed by BioEdit v7.2.6, MEGA 6, NCBI BLAST and
seqgin. The BioEdit software was used to trim and isolate
gene nucleotide sequences. For alignment purpose, MEGA
6, Clustal W, Clustal Omega and NCBI BLAST were used.
Gene sequence submission in NCBI was done using seqin.

Results

Real-Time PCR

After making cDNA from the RNA, relative expression
pattern of the genes involved in tyrosine catabolism was
studied. On comparison of relative gene expression by
quantitative PCR, it was found that the genes involved in
tyrosine catabolism are up regulated in the insectivores bats
(H. fulvus and S. heathi) as compared to that in frugivorous
bat (C. sphinx). The relative expression of these genes was
observed to be down regulated in S. heathi as compared to
that in H. fulvus (Table 3 and 4).

Table 3: Quantitative PCR data for frugivorous and insectivorous bats

Species Gene Mean Ct and S.D ACt

C. sphinx EEF2 (Housekeeping) 23.12+0.34 Control gene
' HGD 26.03+0.66 2.91

H. fulvus EEF2 (Housekeeping) 26.30+0.23 Control gene
) HGD 24.48+0.2 -1.81

S. heathi EEF2 (Housekeeping) 23.69+0.07 Control gene
' HGD 22.51+0.2 -1.18

The Ct values are inversely proportional to the amount of
target DNA in a sample tube. The gPCR performed for
HGD gene showed variable amount of gene expression
across the species. Housekeeping gene Eukaryotic
Elongation Factor 2 (EEF2) was used as internal control.

The ACt values in table 3 show low expression of HGD as
compared to EEF2 in C. sphinx. The ACt values for H.
fulvus and S. heathi show similar level of transcripts
presence.

Table 4: Quantitative PCR data analysis, comparison of gene expression between selected species. Gene EEF2 was used as internal

housekeeping control.

Control species Experimental species | Genes | AACt | 2-4ACt Analysis
Cynopterus sphinx Hipposideros fulvus HGD | -4.73 | 26.53 | Up regulated
Cynopterus sphinx Scotophilus heathi HGD | -4.10 | 17.14 | Up regulated

Hipposideros fulvus Scotophilus heathi HGD | 0.69 | 0.64 Similar
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Further analysis of the HGD gene shows, up regulation in
insectivorous bats as compared to frugivorous bat species.
The expression levels of HGD gene are similar for two
insectivorous bat species.

Gene nucleotide sequence analysis
The nucleic acid sequences of genes under study were
aligned using ClustalWW. The HGD gene sequence is

deposited in the NCBI GenBank database (accession
number MF497589, MF497594, MF497599) for C. sphinx,
H. fulvus, and S. heathi respectively. In summary HGD,
gene sequences show high sequence similarities for bat
species under study. In addition the gene sequences for
insectivorous bats (Hipposideros fulvus and Scotophilus
heathi) when compared with frugivorous bats (Cynopterus
sphinx), showed single nucleotide differences at many sites.

10 Z0 30 40 30 &0
R R EEEE N R R IR IR IR I
C.=.HGD CACAAGCCTTTTACATCCATTGACCAAGGCCATGTCACTCACARCTGGGATGAAGTTGAT
H.f.HGD B C.G....uun. B
S.h.HGD B L
Consengus *kkkkkkk kkk hkk k kk k kkkkkkkkkk kkkkkkkkkkkkkkkkkkkkkkkk
70 80 20 100 110 1z0
R e e I B T I e B I e T
C.=.HGD CCTGACCCTAATCAGCTTAGGTGGAARCCATTTGAARTTCCARMAGTGT CTCAGAAGARAR
H. £.HGD T & i
S.h.HGD e L
ConsSensus hhkkdk dkddkdk ko ki ki dkdddkdd ok kR ke
130 140 150 le0 170 180
R T e I N T EE N I I IR IR |
C.=.HGD GIGGACTTTGTGAGTGGCCTGCATACCTTGTGTGGAGC TGGAGACATCAGGT CTAACAAT
H.f.HGD AC. L. e it i s s e e
S.h.HGD e P &
ConsSensus rhkkkdkdkkddkdkdd  kdkkdkdkdk sk ok ke ke gk ek ke e ek
150 Z00 z10 ZzZ0 230 Z40
S I I I I I B e Il IR |
C.s.HGD GGACTTGCCATCCACATTTTCCTTTGCAATACCTCCATGGAGGATAGATGCTTT TATAAT
H.f.HGD O G...C.....T.....C..
S.h.HGD O e 1 GA..C...........C..C
COMSEnSUS %% *kkkk kk kkkhkk khkkhkk kkkkhk hhkkhkkhhhh kk khkkkk kkkkk ki
250 Ze0 zZ70 280 290 300
e e e R I I B e IRl R IR I
C.s.HGD TCAGATGGAGACTTCTTGATTGT TCCTCAGARAGGGAARCTTCTCAT TTACACGGAGTTC
H.f.HGD L T
S.h.HGD e T
ConSensus kkkkkkk kkkkkkhkkhkhhhhhhkk khkkhhkkkkhhkhkkhkk khkkkk kk khkkkk
310 3zZ0 330 340 350 360
S e e e e e e I I T I
C.s.HGD GGCAAGATGCTTGTGCAGCCCAATGAGATCTGCATCAT TCAGAGAGGRATGCGGT TCAGC
¢ O - L
S.h.HGD T
CONSenSUS  whkdkdkhhdh dddddddoeddedordr ok deddodeddrdr o gk g ok o ok o o e e e o e ek e
370 380 390 400 410 420
e e e R I I B e IRl R IR I
C.=s.HGD ATCGATGTCT TCGAGGAGACCAGGGGCTACATCCTAGAGGTCTACGGCGTCCACTTTGAG
H.f.HGD L L
S.h.HGD G.A.....G...00aunnn B
Consensus % ek ko dkkdkdkdrddrrk kb deddrdkdrkkdekded kb gk ok ek gk ke
430 440 450 460 470 480
e e e R I I B e IRl R IR I
C.=.HGD TTGCCTGATCTGGGACCAATTGGAGCCARATGGT TTGGCCAATCCTCGAGATTTCTTGATA
H.f.HGD - e
S.h.HGD e 0
CONSensSUS whkkkkhhk dhddkkdkkhh ddkddddkkdkdddhd  wkkkkddkdkdk ok kdkddkokk  kkkkk
450 500
B e R
C.=s.HGD CCTGTCGCCTGGTATGRARAGAT
H.£.HGD  ..... T..
S.h.HGD  ..... T e e e e et e en e
gk ok e ko ko ok ke

Consensus

Summary of sequence alignment

Sequence 1: C.s.HGD 501 bp
Sequence 2: H.f. HGD 501 bp
Sequence 3: S.h.HGD 501 bp

Sequences (1:2) Aligned. Score: 92%
Sequences (1:3) Aligned. Score: 90%
Sequences (2:3) Aligned. Score: 92%

~18~



World Wide Journal of Multidisciplinary Research and Development

Multiple sequence alignment for HGD amino acid was performed using ClustalW.

10 20 30 40 S0 &0
I e B e B I I I I I IR I
C.s.HGD HKPFTS IDQGHVITHNWDEVD PDPNQLRWKPFEI PKVSQRKVDFVSGLHTLCGAGD IRSNN
H.f.HGD .E..AE B........N
5.h.HGD e E.T.. .
Consensus Wk ko x J e deode e de de ded d e e e e de e e e de drdedr e e e e e de de dede | ol o e e o o ol ok ok o v e ook o
70 g0 S0 100 110 120
B T B e Bl I e I e I N I
C.s.HGD LAIHIFLCNTSMEDRCFYNSDGDFLIVPQRGRKLLI YTEFGKMLVQPNEICI IQRGMRFS
R 1 e V..
S.h.HGD  ............. e S Veeeinnn
Consensus hkkd koo ko k ko ko e e ek e ok s ek ek ek e ke
130 140 150 10
e e I I I I IR I I
C.s.HGD IDVFEETRGY ITEVYGVHFELFDLGF IGANGLANPRDFLI PVANYED
H.f.HGD Ce e i e e e e e e
5.h.HGD Ve e i e e
Consensis  *kkkkok s g ok kg gk sk ok dededk ok bk e e e ek ko

Summary of amino acid sequence alignment
Sequence 1: CSHGD 167 aa
Sequence 2: HFHGD 167 aa
Sequence 3: SHHGD 167 aa

Sequences (1:2) Aligned. Score: 95%
Sequences (1:3) Aligned. Score: 95%
Sequences (2:3) Aligned. Score: 96%

In order to find out the evolution of the HGD gene, the
deposited nucleotide sequences were taken from NCBI and
BLAST was performed. Total eight gene sequences from
bats were showed by BLAST result, which were used for
constructing phylogenetic tree. The mouse (M. musculus)
and rat (R. norvegicus) HGD gene were used as outgroup.

M.ricketti
B.beijingensis

P.abramus

M. fuliginosus
H.fulvus
_EH .armiger
R. ferrumegquinum
_ER,pea'rsoml'i
M.lyra
—ER, leschenaultii

C.sphinx

|—M .musculus

I—R. norvegicus

Fig 1: Phylogenetic tree constructed from HGD nucleotide
BLAST, while constructing the tree, M. musculus and R.
norvegicus was used as outgroup.

In order to study the amino acid sequences of HGD and its
conserved sites, multiple alignments was performed using
BLAST. While constructing the phylogenetic tree, HGD
sequences of twelve bat species were used from NCBI
database. In addition four other sequences were used as
outgroup (M. musculus, C. elegans, D. melanogaster and
D. rerio).
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M. fuliginosus

S.heathii

—

—

M.ricketti

M. brandtii

B.beijingensis

P.abramus

R.leschenaultii

L

— H. fulvus

L

—— N.schauinslandi

C.sphinx

R.pearsonit

R.ferrumequinum

M. musculus

D.rerio

|—D. melanogaster

L C.elegans

Fig 2: Phylogenetic tree constructed from amino acid sequence of
HGD gene. Total twelve bat species and four non-bat species
were used.

Discussion

Third enzyme in the tyrosine catabolic pathway
Homogentisate 1,2-dioxygenase (HGD) mRNA expression
levels were studied by RT-gPCR. In comparison to C.
sphinx, the gene expression of HGD for H. fulvus showed
26 fold incease while S. heathi showed 17 fold increase.
The mRNA levels between insectivorous bats showed
similar levels of gene expression. These results are in
agreement with current knowledge of tyrosine catabolic
pathway. The nucleotide sequence for HGD between C.
sphinx and H. fulvus shows 92%; whereas that of C. sphinx
and S. heathi shows 90% sequence similarity. The
nucleotide sequence comparison between insectivorous bat
H. fulvus and S. heathi is 92%. This shows sequence
similarity amongst insectivorous and frugivorous bat
species. The amino acid sequence comparison by Clustal
Omega shows 95% similarity for C. sphinx and H. fulvus;
and C. sphinx and S. heathi. The amino acid sequence
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comparison HGD gene between insectivorous bats H.
fulvus and S. heathi shows 96% identity score. Thus the
amino acid sequence and nucleotide sequence comparison
shows the conserved regions. Wherever nucleotide
differences for HGD across the frugivorous and
insectivorous species is due to evolutionary different
lineages or may be due to synonymous or non-synonymous
substitutions over the long evolutionary period.

In human, it is demonstrated that AKU patients are
homozygous or compound heterozygous for loss of
function mutations in the HGD gene. The first two
mutations in the HGD gene have been described in two
Spanish families in 1963. These are two missense
mutations: P230S (Pro230Ser) in exon 10 and V300G
(\Val300Gly) in exon 12. To date, more than 100 different
mutations of the HGD gene have been identified in patients
from many different countries and are described in the new
online HGD mutation database [27]. Partial nucleotide
sequences of HGD gene having size 501bp were considered
from three bat species. Out of these 501 nucleotides, there
are 25 nucleotide sites which showed single nucleotide
substitutions in C. sphinx compared to insectivorous bats
under study. Amongst these 25 substitution sites, 18 sites
(synonymous substitutions) do not affect encoding amino
acids, whereas rest 7 substitutions (hon- synonymous
substitutions) cause alteration in 5 amino acids. In peculiar
non-synonymous substitutions are located on following
nucleotide positions; 13 and 14 (T5E change in amino
acid), 107 and 108 (V36A change), 221 (E74G), 334
(1112V), 363 (1121V). While synonymous substitutions are
located at following nucleotide positions 9, 72, 81, 96, 144,
183, 204, 210, 225, 237, 249, 267, 294, 300, 396, 448, 468,
486. Amongst these synonymous substitutios except 204,
294, and 468 positions other shows transition substitution.
In non-synonymous substitutions, nucleotide substitutions
at 13, 107, 221, and 334 shows transition substitutions. No
insertion or deletion has contributed in the variations of
nucleotide.

The recent establishment of the crystal structure of the
human HGD protein provides a framework for
understanding the pathogenic effect of AKU mutations [1].
The HGD is a complex structure, which assembles as a
functional hexamer arranged as a dimer of trimers [28]. The
active site contains a Fe?* atom, close to the interface
between the two trimers. This biologically active structure
requires many noncovalent bonds between amino acid
residues to maintain the spatial structure of the monomer,
but also of the dimer and the hexamer [3]. This complex
structure can be easily disrupted by mutations of the HGD
gene [4]. The effects of some mutations on the HGD
enzyme’s activity have been studied using mutant HGD
proteins in E. coli. For other mutations, especially for the
missense mutations which are reported to be around 65%,
when no functional studies are available, bioinformatics
tools (SIFT, POLYPHEN, PANTHER, PNUT, SNAP and
FASTSNP) have been generated in order to predict with a
50-80% accuracy the pathogenic effect of these mutations
[3].

Phylogenetic studies from figure 1 and 2 shows the
possible evolutionary pattern of HGD in number of bat
species at nucleotide and amino acid levels respectively.
Nucleotide phylogenetic tree of HGD shows divergent or
splitting of HGD clade into frugivorous and non-
frugivorous bats. Further non-frugivorous bats have

~J0~

evolved and diverged two times to form HGD with
different nucleotides substitutions. The phylogenetic tree
from amino acid sequence shows formation of two clades
during evolution and has mixed groups of frugivorous and
insectivorous bats. This shows the effect of nucleotide
substitutions at different sites.

Conclusion

The nucleotide sequence study of HGD in frugivorous and
insectivorous bats shows majority of the gene is well
conserved across the species. The nucleotide differences at
variable sites could be result of synonymous and non-
synonymous substitutions. The expression of HGD gene
varies across bat species depending on the food intake.
Frugivorous bat species (C. sphinx) has low levels of HGD
transcripts than insectivorous bat species (H. fulvus and S.
heathi). Despite this the HGD gene seems to be well
conserved across bats species. Nucleotide phylogenetic
data suggest early split of frugivorous bats from
insectivorous bat species.
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