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Abstract: The metabolism of biomolecules involves anabolism and catabolism processes which are essential for 

maintenance of the balance of biomolecules. In the metabolism of amino acid tyrosine, the anabolism involves conversion 

of aromatic amino acid phenylalanine into tyrosine, whereas catabolism involves breakdown of tyrosine by series of five 

enzymes. The HPD gene provides instructions for making an enzyme 4-hydroxyphenylpyruvate dioxygenase (HPD). The 

HPD enzyme catalyses second reaction of tyrosine catabolism. 

 

 A deficiency in the catalytic activity of HPD may lead to Hereditary Tyrosinemia type III (HT III), an autosomal recessive 

disorder characterized by elevated level of tyrosine in the blood and massive excretion of tyrosine derivatives into urine. In 

present study, bat species were selected based on their food habits; one frugivorous (Cynopterus sphinx) and two insectivorous 

(Scotophilus heathi and Hipposideros fulvus). The HPD gene sequence comparison in the bat species shows number of conserved 

sites in the gene. The comparison of HPD gene expression shows significant low expression level in frugivorous bats than 

insectivorous bats. These evidences suggest that HPD gene has undergone evolution with non-synonymous substitutions 

which resulted in amino acids sequence dissimilarity. The HPD gene of the bat species under study shows some conserved 

regions. 
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I. INTRODUCTION 
 

The catabolism of tyrosine into 3-fumarate and acetoacetate is five step process [1]. In the second step 4-

hydroxyphenylpyruvate (4HPP) is irreversibly converted into homogentisate (HGA) by enzyme HPD [2]. The HPD gene 

provides instructions for making an enzyme named 4-hydroxyphenylpyruvate dioxygenase (HPD), which is abundant in the 

liver and smaller quantity is found in the kidneys [1]. The enzyme HPD participates in the oxidation of keto acids of tyrosine. 

HPD is a Fe2+ dependent non-home oxygenize [3]. The reaction involves decarboxylation, oxidation and rearrangement. 

The enzyme contains iron and part of the enzymatic activity is restored by the addition of Fe2+. The subunit of the human 

enzyme is composed of 392 amino acid residues and the mature human enzyme is a homodyne of identical subunits with a 

molecular weight of 43,000 [4, 5].  

 

The gene for human HPD is separated into 14 exons with between 27 (exon 2) and 313 (exon 14) bases and 13 introns that 

range in size from 88 bases (intron 13) to 3.2 kb or longer (intron 7) [6].  The nucleotide sequence of the 59 flanking region 

of the human HPD gene contains a TATA element (TTAAATA) and there are sequences that resemble binding sites for 

several liver-specific or liver-enriched transcription factors, including hepatocyte nuclear factors [6]. In humans mutations 

in the HPD gene can cause two distinct genetic diseases, Hereditary Tyrosinemia type III (HT III) and Hawkinsinuria, and 

HPD activity is markedly reduced in the liver of patients with Hereditary Tyrosinemia type I (HT I) [7]. HT III is 

characterized by elevated concentrations of tyrosine in the blood and massive urinary excretion of 4-hydroxyphenylpyruvic 

acid, 4-hydroxyphenyllactic acid and 4-hydroxyphenylacetic acid [4]. 
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HPD is the molecular target of very effective synthetic herbicides. HPD inhibitors may also be useful in treating life-

threatening HT I and are currently in trials for treatment of Parkinson disease [8]. In all photosynthetic organisms, HPD 

also plays an anabolic role, as HGA is essential for the formation of isoprenoid redox molecules such as plastoquinone and 

tocochromanols [9]. Plant HPD is the molecular target of several natural compounds [3] and of a range of very effective 

synthetic herbicides that are currently used commercially [10]. In mammals, a homozygous missense mutation predicting an 

Ala to Val change at codon 268 (A268V) in the HPD gene was found in the patient with HT III [4].  

 

Interestingly, herbicide molecules which are HPD inhibitor act as inducer for the lethal inborn defects associated with HT I 

[10]. The administration of the compound 2-(2-nitro-4-trifluoromethylbenzoyl)-cyclohexane- 1,3-dione (NTBC) to rats (10 

mg/ kg body wt) caused an elevation in the concentration of plasma tyrosine and gave products in urine that were identified 

as 4-hydroxyphenylpyruvate (HPPA) and 4-hydroxyphenyllactate (HPLA) [10].  

 

This observed chemically induced tyrosinemia established that this compound perturbs tyrosine catabolism and suggested 

that the causal effect is the inhibition of 4-hydroxyphenylpyruvate dioxygenase (HPD) [10].  Inhibition of HPD prevents 

the accumulation of toxic metabolites in this HT I disease [11]. HPD inhibitors are also currently being used in trials for 

treatment of Parkinson disease, based on the premise that inhibition of tyrosine catabolism will increase tyrosine availability 

for conversion to 3, 4-dihydroxyphenylalanine in the brain [12]. 

 

In current research work, bats were used as experimental model. Bats (Order: Chiroptera) are the only flying mammals which 

account for around 20 percent of total mammals [13]. Around 1116 bat species have been reported worldwide. Bats are 

subdivided into suborders Yinpterochiroptera and Yangochiroptera [14]. According to the morphological data, bats are 

evolved from monophyly of the Chiroptera order and of the two suborders, Megachiroptera (megabats) and Microchiroptera 

(microbats) [15]. 

 

 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) [16]. 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 adaptation to cope up with this change. 

 

II. MATERIAL AND METHODS 
 

1. Animal collection and tissue isolation: 

Before collecting the animals from the wild, permission was taken from Maharshtra 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 (18.960N, 72.930E), 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 [17]. The animals were sacrificed by cervical dislocation method. The liver tissues were isolated and stored in 

RNA later solution (Sigma-Aldrich) at 40C.  

 

2. RNA isolation and cDNA preparation: 

RNA was extracted using the RNAiso Plus (TaKaRaTM) according to the manufacturer’s protocol.  For making cDNA, RNA 

was quantified using Thermo Scientific nanodrop 1000 spectrophotometer.  
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3. Gene specific pre sequencing PCR: 

In order to amplify the HPD gene, the gene specific primers were designed for each bat species. For primer designing, the 

reference sequences were used from NCBI database. Softwares 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). 

 

Table 1: PCR primers used for HPD gene 

Sr. 

No. 

Bat species Set Primer sequence (5’3’) Annealing 

temp  (0C) 

Reference 

sequence 

1 C. sphinx CS1 Forward 1: CATTTCCACTCCGTGACCTTCT 59.00 JX962756.1 

Reverse 1: TCCTGGATCTGGGACTTCTT 

CS2 Forward 2: GCCTCAGATTGGTACCTGAAA 60.00 

Reverse 2: CTCCAGGTCTGTGAGGTTGC 

2 H. fulvus HF1 Forward 1: CATTTCCACTCCGTGACCTTCT 59.00 JX962751.1 

 Reverse 1: TCCTGGATCTGGGACTTCTT 

HF2 Forward 2: GCCTCAGATTGGTACCTGAAA 60.00 

Reverse 2: CTCCAGGTCTGTGAGGTTGC 

2 S. heathi Sh1 Forward 1: CATTTCCACTCCGTGACCTTCT 59.00 JX962751.1 

 Reverse 1: TCCTGGATCTGGGACTTCTT 

Sh2 Forward 2: GCCTCAGATTGGTACCTGAAA 60.00 

Reverse 2: CTCCAGGTCTGTGAGGTTGC 

 

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, 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.  

 

4. 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: 3130xl Genetic Analyser, Applied Biosystem  

Capillary: 16 Capillaries of 50 cm length. 

 

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 3130xl Genetic Analyzer:  

With 16-capillary throughput and advanced automation capabilities, the 3130xl 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 

chemo metric algorithmic processing into 4- or 5-dye electropherograms. 
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5. Quantitative PCR (qPCR 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 I. The housekeeping gene EEF2 was used as internal control (table 2). 

 

Table 2: Primers used for Real-time PCR 

Species name Gene  Primer Primer sequence Annealing temp. 

(°C) 

C. sphinx HPD Forward GATGCTACCTGTCTCGGAATG 
56.4 

Reverse GAACGCAGAGAGCTGTACTC 

EEF2 Forward GCCGATCCAGAGAACAATCC 
60.3 

Reverse GTGGTGATAGTGCCAGTCTTC 

H. fulvus HPD Forward TCCATCGTGGTGGCAAATTA 
59.2 

Reverse TGATGATGTCGTGGGTCTTG 

EEF2 Forward TGAGAAGTACGAGTGGGATGT 
56.8 

Reverse CCACACTGTCCTTGATCTCATT 

S. heathi HPD Forward ATTCGAGCCCTCGACAAACA 
60.4 

Reverse CGGTGGAACTGCAGGTTATT 

EEF2 Forward TACCTGGCTGAGAAGTACGA 
56.3 

Reverse GCTGTCCTTGATCTCGTTGA 

 

Kit used for qPCR:  SYBR Premix Ex Taq (Tli RNaseH Plus). The machines used for quantitative PCR was Applied 

Biosystems 7500 Real-Time PCR System, StepOne PCR SYSTEM. 

 

6. Analysis and interpretation of the data: 

The gene sequenced chromatograms were read and analyzed by BioEdit v7.2.6, MEGA 6, NCBI BLAST and seqin. 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. 

 

III. RESULTS 
1. 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 ΔCt 

C. sphinx EEF2 (Housekeeping) 23.12±0.34 Control gene 

HPD 21.54±0.21 -1.57 

H. fulvus EEF2 (Housekeeping) 26.30±0.23 Control gene 

HPD 19.42±0.22 -6.87 

S. heathi EEF2 (Housekeeping) 23.69±0.07 Control gene 

HPD 17.51±0.04 -6.18 

 

The Ct values are inversely proportional to the amount of target DNA in a sample tube. The qPCR we performed for HPD 

gene shows variable amount of gene expression across the species.  
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Housekeeping gene eukaryotic elongation factor 2 (EEF2) was used as internal control. The ΔCt values in table 3 shows low 

expression of HPD as compared to EEF2 in C. sphinx. The ΔCt values for H. fulvus and S. heathi shows 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 ΔΔCt 2-ΔΔCt Analysis 

Cynopterus sphinx Hipposideros fulvus HPD -5.29 39.12 Up regulated 

Cynopterus sphinx Scotophilus heathi HPD -3.92 15.13 Up regulated 

Hipposideros fulvus Scotophilus heathi HPD 0.69 0.61 similar 

Further analysis of the HPD gene shows, up regulation in insectivores bats compared to frugivorous bat species. The 

expression levels of HPD gene are similar for two insectivorous bat species. 

 

2. Gene nucleotide sequence analysis: 

The nucleic acid sequences of genes under study were aligned using ClustalW. The HPD gene sequence is deposited in the 

NCBI GenBank database (accession number MF497590, MF497595, MF497600) for C. sphinx, H. fulvus, and S. heathi 

respectively. In summary HPD, gene sequences show high sequence similarities for insectivorous bat species Hipposideros 

fulvus and Scotophilus heathi. In contrast 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        20        30        40        50        60            

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    GCCTACAGGGGCCTGGAGACGGGCTCCAGGGAGGTGGCCAGCCACGTGATCAAGCAAGGG  

H.f.HPD    .......A.............................T......................  

S.h.HPD    .......A...............G.............T..........G...........  

Consensus  ******* *************** ************* ********** ***********  

                    70        80        90       100       110       120         

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    CAGATCGTGTTTGTGTTTTCCTCGGCTCTCAACCCCTGCAGCAAAGAGATGGGTGATCAC  

H.f.HPD    G....T........T..C.....T..............GCA............C......  

S.h.HPD    .....T........T..C.....C..............G.A............C......  

Consensus   **** ******** ** ***** **************   ************ ******  

                   130       140       150       160       170       180      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    CTGGTGAAACACGGCGACGGAGTGAAGGACATCGCGTTTGAGGTGCAGGACTGTGCCTAC  

H.f.HPD    ..............G..T...........................G.A..T....A....  

S.h.HPD    ..............G.......................C......G.A.......A....  

Consensus  ************** ** ******************** ****** * ** **** ****  

                   190       200       210       220       230       240      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    ATCGTGCAGAAAGCCCGGGAAAGGGGCGCCAAAATCATCCGGGAACCCTGGGTGGAGCAA  

H.f.HPD    ..T...........T......C.A....................G........A......  

S.h.HPD    ..A...............C.GC......................G...............  

Consensus  ** *********** *** *  * ******************** ******** ******  

                   250       260       270       280       290       300      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    GACAAGTTTGGGAAGGTGAAGTTTGCCGTGCTGCAGACGTTTGGGGACACGACACACACC  

H.f.HPD    .......................C..T.............A...................  

S.h.HPD    ..T.....................................AC........A.........  

Consensus  ** ******************** ** *************  ******** *********  
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                   310       320       330       340       350       360      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    CTGGTGGAGAAGATGAACTACAGCGGCCCCTTCCTGCCTGGGTTCAAGGTCCAGGCTTCC  

H.f.HPD    ...........A..........CT....GG...T....C..A...G...C..CA.TC.T.  

S.h.HPD    ......................C....TT............A...G..CC.TC.A.AAA.  

Consensus  *********** **********  ***   *** **** ** *** **  *        *  

                   370       380       390       400       410       420      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    ACGGACCCCCTGCTTTCCAAGCTGCCCCCATGCCATCTCGAGGTCATTGATCACATCGTA  

H.f.HPD    .G......T.AA................AC...A.G...........C.....T..T...  

S.h.HPD    .G.......ACC..C.............AGA..A.C..G........C..C.........  

Consensus  * ******    ** *************   ** * ** ******** ** ** ** ***  

                   430       440       450       460       470       480      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    GGAAATCAGCCTGATGAGGAGATGCTACCTGTCTCGGAATGGTACCTGAACAACCTGCAG  

H.f.HPD    .....C.........C........G.GT...C...A..C.....................  

S.h.HPD    ..G..C.....G...C..........GT.C.C......C...........T.........  

Consensus  ** ** ***** *** ******** *  * * *** ** *********** *********  

                   490       500       510       520       530       540      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    TTCCACCGTTTCTGGTCTGTGGACGACAAGGAGGTGCACACGGAGTACAGCTCTCTGCGT  

H.f.HPD    ........C........C.....T....C.C.............................  

S.h.HPD    ........C...................C.C......................C.....C  

Consensus  ******** ******** ***** **** * ********************** *****   

                   550       560       570       580       590       600      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    TCCATCGTGGTGACCAATTACGAGGAGTCCATCAAGATCCCCATTAACGAGCCAGCGCCC  

H.f.HPD    ............G.A..............A........G........T.....G.....A  

S.h.HPD    .....T......G....C........A...........G.....C........G.....G  

Consensus  ***** ****** * ** ******** ** ******** ***** ** ***** *****  

                   610       620       630       640       650       660      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    GGCAAGAAGAAGTCCCAGATTCAGGAGTACGTGGACTATTACGGGGGCGCTGGGGTGCAG  

H.f.HPD    ....G...............C.....A..T.........A.T..............C...  

S.h.HPD    ....G...............C.....A...........CA..........G.....C...  

Consensus  **** *************** ***** ** ********  * ******** ***** ***  

 

                   670       680       690       700       710       720      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    CACATTGCTCTCAAGACCCAAGACATCATCACAACGATTCACCACCTGAGAGAGAGAGGC  

H.f.HPD    .....C..............C............G......G....T..............  

S.h.HPD    .....C...........................G......G....T..............  

Consensus  ***** ************** ************ ****** **** **************  

                   730       740       750       760       770       780      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    ATGGAATTCCTCATCATTCCGTCGACGTACTACAAACAGCTACGAGAGAAGCTCAAGTCA  

H.f.HPD    ..A........GGCTG.......C..............A..T..G..............G  

S.h.HPD    .....G.....GGATG.......C..A...........A..G..G..............G  

Consensus  ** ** *****     ******* ** *********** ** ** **************   
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                   790       800       810       820       830       840      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    GCCAAGATCCGGGTGAAGGAGAACATAGATACCCTGGAGGAGCTCAAAATCCTGGTGGAC  

H.f.HPD    ...........C..............T....T............G...............  

S.h.HPD    ......................G.C.T.................G...............  

Consensus  *********** ********** * * **** ************ ***************  

                   850       860       870       880       890       900      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    TACGATGAAAACGGCTACCTCCTGCAGATCTTCTCCAAACCCATGCAGGACCGGCCCACG  

H.f.HPD    .....C..G..A.....................A....G.....................  

S.h.HPD    .....C..G..A.........T.A.........A....G....................A  

Consensus  ***** ** ** ********* * ********* **** ********************   

                   910       920       930       940       950       960      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    CTCTTCCTGGAAATCATTCAGCGCCACAACCACCAGGGTTTCGGGGCCGGCAACTTCAAC  

H.f.HPD    ......T.....G.G..........................T..A...............  

S.h.HPD    ............G............................T..A..............T  

Consensus  ****** ***** * ************************** ** **************   

                 

          ....|.... 

C.s.HPD    TCGCTGTTC  

H.f.HPD    ..A......  

S.h.HPD    G.A......  

Consensus   * ******  

 

Sequence 1: C.s.HPD      969 bp 

Sequence 2: H.f.HPD      969 bp 

Sequence 3: S.h.HPD      969 bp 

Sequences (1:2) Aligned. Score:  88% 

Sequences (1:3) Aligned. Score:  88% 

Sequences (2:3) Aligned. Score:  91% 

Amino acid sequence alignment for HPD gene 

Sequence 1: C.s.HPD      323 aa 

Sequence 2: H.f.HPD      323 aa 

Sequence 3: S.h.HPD      323 aa 

Sequences (1:2) Aligned. Score:  87% 

Sequences (1:3) Aligned. Score:  87% 

Sequences (2:3) Aligned. Score:  93% 

                    10        20        30        40        50        60            

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    AYRGLETGSREVASHVIKQGQIVFVFSSALNPCSKEMGDHLVKHGDGVKDIAFEVQDCAY  

H.f.HPD    ..K.........V.......E...........WH.....................E..D.  

S.h.HPD    ..K.........V...V...............WN.....................E..D.  

Consensus  **:*********.***:***:***********  *********************:** *  
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                    70        80        90       100       110       120         

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    IVQKARERGAKIIREPWVEQDKFGKVKFAVLQTFGDTTHTLVEKMNYSGPFLPGFKVQAS  

H.f.HPD    .................................Y.............T.R.....EAPVF  

S.h.HPD    ......Q..........................Y.............T.F.....EPSTN  

Consensus  ******:**************************:*************:* *****:  .   

                   130       140       150       160       170       180      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    TDPLLSKLPPCHLEVIDHIVGNQPDEEMLPVSEWYLNNLQFHRFWSVDDKEVHTEYSSLR  

H.f.HPD    R..Q.....H.K.............Q..VSA.D................TQ.........  

S.h.HPD    R..T.....QSN.............Q...SA.D................TQ.........  

Consensus   ** ***** .:*************:**:..*:****************.:*********  

                   190       200       210       220       230       240      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    SIVVTNYEESIKIPINEPAPGKKKSQIQEYVDYYGGAGVQHIALKTQDIITTIHHLRERG  

H.f.HPD    ....A.......M........R...........N............H....A.R......  

S.h.HPD    ....A.......M........R...........N.................A.R......  

Consensus  ****:*******:********:*********** ************:****:*:******  

                   250       260       270       280       290       300      

           ....|....|....|....|....|....|....|....|....|....|....|....| 

C.s.HPD    MEFLIIPSTYYKQLREKLKSAKIRVKENIDTLEELKILVDYDENGYLLQIFSKPMQDRPT  

H.f.HPD    I...AV........................I............K.......T........  

S.h.HPD    ....DV.....................SL..............K.......T........  

Consensus  :*** :*********************.:* ************:*******:********  

                   310       320  

           ....|....|....|....|... 

C.s.HPD    LFLEIIQRHNHQGFGAGNFNSLF  

H.f.HPD    ....V..................  

S.h.HPD    ....V...............A..  

Consensus  ****:***************:**  

 

In order to find out the evolution of the HPD gene, the deposited nucleotide sequences were taken from NCBI and BLAST 

was performed. In total eight gene sequences from bats were shows by BLAST result, these sequences were used for 

constructing phylogenetic tree. The mouse (M. musculus) HPD gene was used as outgroup. 

 
Figure 1: Phylogenetic tree constructed from HPD nucleotide BLAST, while constructing the tree, M. musculus was used as 

outgroup. 
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IV. DISCUSSION 
 

The HPD mRNA expression levels in bat species studied have shown many fold increase in insectivorous bats. RT-qPCR 

data shows high level of HPD gene expression in H. fulvus and S. heathi compared to C. sphinx (table 3 and 4). The comparison 

between two insectivorous bats shows similar levels of HPD transcript in S. heathi and H. fulvus. These results are in agreement 

with current knowledge of tyrosine catabolic pathway [2]. The possible explanation for the difference in the gene expression 

could be due to the amount of protein intake by these bat species [16]. As food of frugivorous bats is rich in carbohydrate 

and low in protein, thus they have low levels of tyrosine available for catabolic process [18], on the other hand insectivorous 

bats intake more proteins in their diet, so they receive more tyrosine for catabolism [19]. Gene expression analysis showed 

high levels of HPD gene transcripts in insectivorous bats than frugivorous bats. 

 

The nucleotide sequence for HPD between C. sphinx and H. fulvus shows 88%; whereas that of C. sphinx and S. heathi shows 

81%. The nucleotide sequence comparison between insectivorous bat H. fulvus and S. heathi is 91%. This shows relatively 

more sequence similarity among insectivorous bats as compared to frugivorous bat species under study. The amino acid 

sequence comparison by Clustal Omega shows 87% for C. sphinx and H. fulvus; whereas for that of C. sphinx and S. heathi is 

87%. The amino acid sequence comparison HPD gene between insectivorous bats H. fulvus and S. heathi shows 93.00% 

identity score. Thus the amino acid sequence and nucleotide sequence comparison shows that the nucleotide difference for 

HPD across the frugivorous and insectivorous species is due to evolutionary different lineages or may be due to non-

synonymous substitutions over the long evolutionary period [15]. The phylogenetic tree (figure 1) constructed from HPD 

gene sequences alignment shows evolution of HPD gene in different bat species. The HPD gene seems to have diverged 

three times, where frugivorous bats (C. sphinx and R. leschenaultii) split early from rest of the insectivorous bats. Further in 

the evolution the HPD gene has split in two clades, which divides insectivorous bats into two different groups.  

 

V. CONCLUSION 
 

Two insectivorous bat species (H. fulvus and S. heathi), and one frugivorous bat species C. sphinx were studied. The molecular 

characterization of the HPD gene, involved in tyrosine catabolic pathway was done by performing nucleotide sequencing, 

and expression studies using qPCR. Our findings suggest high nucleotide sequence similarities for HPD gene across the bat 

species we studied. This suggests evolutionary conserved sequences in the gene. Little nucleotide sequence variation in the 

gene was observed, but at majority of the places these differences have not reflected into the amino acid sequence change. 

This could be due to the non-synonymous substitutions in the genes. The expression levels of the genes under study have 

shown, up regulation in the insectivorous bat species compared to frugivorous bat species. This could be due to high protein 

diet intake by insectivorous bat species. The phylogenetic tree constructed from HPD gene shows early split of frugivorous 

bats from insectivorous bats.  
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