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ARTICLE INFO  ABSTRACT  
 

 
 

 

To analyze the activities  of amylase enzyme in herbivorous and carnivorous family. Currently, there 
is  limited comparative genomics  approach into the evolution  of dietary  habits are reported in 
li terature. With  the recent  advances in sequencing  era, we were able to perform functional  genome 
analyses that represents  phylogenetic relationship  between  di fferent species and thei r amylase 
activities. Collect  all the sequence information from biological  database like NCBI and  retrieve 
nucleotide sequence. Further, perform BLOSUM-62 algorithm with  the Clustal -W for  multiple 
sequence alignment  and construct  the phylogenetic tree using  Clustal  Omega. We observed  that 
evolutionary changes in herbivorous and carnivores species  with thei r respective mutation and 
conserved domain . This study  used phylogenetic and  statistical  approaches to  explore general 
patterns of amylases evolution , amylases from seven di fferent species in eukaryota family with ful ly 
documented taxonomic lineage. First , the phylogenetic tree was created to analyze the evolution  of 
amylases with focus on individual amylases. Second, the average pairwise p-distance was computed 
for each species , and its  diversity implies mul ti time and  multi -clan  evolution . In addition to a clear 
contraction in gene famil ies  for carbohydrate metabolism, the carnivore genomes showed 
evolutionary adaptations  in genes  associated with  dietary  habits  and  other traits responsible for 
success ful  stalking  and  core consumption under strong  selective pressure related to  diet . However, 
un like herbivores showed fewer shared adaptive signatures. The genetic diversity  associated with 
decreased population sizes of carnivores, which  may be due to  the inflexible nature of their strict 
diet, emphasizing  thei r susceptibility and critical  conservation. The present study provides  a 
comparative genomic analysis represent genomic changes  associated with  dietary  habits . Our 
genomic analyses  also provide useful  resources  for diet-related personalized healthcare research. 
 

Copyright ©  2020, Aakanchha et al.  This is an open access article distributed under the Creative Commons Attr ibution License, which permits unrestr icted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 
 
 

 
 

 

 

INTRODUCTION 
 

Amylase is a digestive enzyme predominantly secreted by the 
pancreas and salivary glands but also found in other tissues in  
very small levels. Amylase was first described in the early  
1800s and is considered one of the first enzymes in history to  
be scienti fically investigated. It was initially termed as distaste 
but was later renamed as amylase in the early 20th century (1).  
Amylase catalyzes the hydrolysis of 1, 4-glycosidic linkages of 
starch to sugar (2). So far, several groups of amylases  have 
been defined, and α, β & γ amylases have many applications in 
clinical and biotechnological Settings. Alpha-amylase is a  
digestive enzyme that catalyzes  starch, glycogen and related 
polysaccharides hydrolysis and is 
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commonly present in plants, animals and micro-organisms.  
Beta-amylase is found in microbes  and plants. Gamma-
amylase is found in animals and plants (1, 3). Diet habits are 
the most necessary selection in all living organism on Earth. In 
particular, carnivores are interesting due to their evolved 
constantly in a number of mammalian family (4). In the fossil  
record, in carnivores are often associated with relatively short  
life expansion, a likely concern to small population sizes  
associated with a di et at top of the trophic pyramid (5).  
Similarly, the other side of the nutritional scal e in the cases o f 
herbivores, consuming primarily plant materi al. This plant 
material di ffers enormously in its starch content, depending on 
the parts of plants consumed. The rodent consumed the whole 
of a plant whereas a starch digestive enzyme might be 
advantageous and had longer digestive tracts and higher 
activity of the amylase in their guts (6). The rationale behind 
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this study is to compare the amylase enzyme activities  
carnivores and herbivorous with natural feeding habits and diet  
composition. Further, to establish the relationship between 
carnivorous and herbivorous mammals on the basis of 
digestive enzymes. The main aim of the present study  is to  
explore the diversity enzymatic activities in different speci es 
with different feeding habits. However, the evolutionary 
differences may be analyzed based on biological databases 
with other computational techniques supplemented by the 
experimental data. The present study may also be helpful to  
explore the additional knowledge about speci es environmental  
changes. Till date, scanty information regarding in the 
scientifi c literature and might have many applications in 
clinical and biotechnological Settings. 
 

MATERIAL AND METHODS 
 
Sequence Collection: The nucleotide sequences of various  
species coded amylase enzyme were obtained from the NCBI 
databases  (http://www.ncbi.nlm.nih.gov/). Nucleotide 
sequences of the following carnivores  and herbivores 
Amylases were retrieved:  Felis catus, Clarias batrachus, Mus 
musculus, Ochotona princeps, Pangasianodon hypophthalmus, 
Oryctolagus cuniculus and rattus norvegicushas shown in  
Table 1. 
 
Table 1. List of Carnivores and Herbivores  with their  accession no. 

and base length 
 

S.no Organisms Feeding 
Habbits 

Amylase 
accession no. 

Base 
Pairs 

1 Felis catus carnivorous ACO24947.1 275  
2 Mus musculus carnivorous CAA26417.1 232 
3 Clarias batrachus carnivorous KY235166.1 267 
4 Pangasianodon 

hypophthalmus 
carnivorous XM_026911354.2 1615                 

5 Rattus norvegicus herbivorous AAA40725.2 508 
6 Oryctolagus cuniculus herbivorous XP_017201532.1 511 
7 Ochotona princeps herbivorous XP_004582054.1 511 

 
Multiple Sequence Alignment : The alignments of the 
following species were performed using publicly availabl e 
database at EBI. The sequences were aligned using the 
BLOSUM-62 algorithm with the Clustal-W alignment tool.  
The full protein sequences, the C-terminal (domain) sequences 
only and N-terminal(domain) sequences only in some instances 
were aligned to determine the homology and relationships 
between the speci fi ed carnivores and herbivores speci es on the 
basis of amylase enzymes. 
 
Phylogenetic Analysis: Phylogenetic trees of amylase enzyme 
were contrasted by using clustal omega 
(https://www.ebi.ac.uk/Tools/msa/clustalo/) for evolutionary 
relationship between herbivo res and carnivores speci es were 
constructed using nucleotide sequences obtained from NCBI 
(http://www.ncbi.nlm.nih.gov/). The obtained sequence data 
were aligned using the Clustal-W alignment tool.  The aligned 
sequences were assembled into a phylogenetic tree using the 
boot-strapped neighbor-joining algorithm (7). 
 

RESULTS 
 
During this work, we identified 7 different species on their 
feeding habits i.e. carnivores and herbivores illustrated in table 
1. Whereas, multiple sequence alignment showed conserve 
region as well as changed nucleotide bases during evolution  
shown in Figure 1.  

 
 
Fig . 1. Multiple sequence alignment showing conserve sequence 

with percentage of  similari ty 

 
Then, we used the branch-site model to test for positive 
selection in individual codons for the lineage leading to  
divergence of amylase enzymes with carnivorous and 
herbivorous animal. Further, the study based on cladistics 
analysis performed with a result of seven equally parsimonious  
cladograms shown in Figure 2, associated evolutionary 
relationship consensus  tree is presented, together with the NJ-
tree. The topologies of trees are in good agreement, even 
though some discrepancies exist. Phylogenetic tree of 7  
amylases sequences of di fferent speci es. The numbers along 
each branch and scal e bar represent the branch length, and their 
closely association with each other. 
 

 
 

Fig . 2. Neighbour-joining cladogram tree showing dis tance 
relationship between species 

 

DISCUSSION  
 
In this study, both multiple sequence alignment and 
phylogenetic approaches were applied to analyze the evolution  
of amylases, which are based on diet habits and evolutionary 
changes. An average di fferent p-distances of similarity give a 
clear picture on the evolutionary changes of amylases.  
Whereas, i f the larger is the average p-distance value in a 
taxonomic group, that represent the probability of species gain 
or loss genetic materials. In the study on eukaryotic amylases,  
the assumption that takes into concern is an ontogenetic dietary 
shift from carnivorous to herbivorous.  
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The lineage-specific expansions were partially driven by 
directional selection,  and gains and losses of genes were 
lineage dependent (8, 9). In reality, the intestine environment 
also plays a signi ficant role in positive selections as perceived 
in indigenous diet (10). The broader aspect of present study on 
the evolution of amylases is equal to the study on the evolution 
of conserved regions in amylases. Such as, (α/β) 8 barrel is a 
conserved the region (11). Similarly, α-amylase is a calcium-
dependent metalloenzyme responsible for calcium ion binding  
regions are subject to evolutionary insertions and deletions  
(12). However, the conversed regions (amylase) might have 
been impacted by the effort in development of inhibitory 
substances on α-amylase like SbAI is potato amylase inhibitor 
gene (13). Still, the level of high and low starch diets in  
supplementary which effects the evolution of amylase as 
validated by the number of amylase gene copies in di fferent  
species (14, 15). In the present study, we explore the general 
pattern of amylase evolution with the hope to potentially  
helpful to enhance the scienti fic view for cloning and 
expression of amylase coding gene in di fferent species by 
employing phylogenetic and statistical approaches  in a large 
scale dataset. The phylogenetic tree and evolutionary 
relationship with diversified species. Whereas, the average 
pairwise p-distance and this approach would be helpful for the 
developing the new amylases for pharmaceutical and 
healthcare sector.  
 
Conclusion 
 
Therefore, from the entire study, it suggests that, in contrast to 
carnivores and herbivores  have considerable amounts o f 
amylase in their saliva. It has to be verified, whether α-amylase 
is genetically or epigenetically determined. Besides, amylase 
can be recognized as a nutritional and evolutionary marker.  
The complete physiological function of amylase in saliva has 
not yet been explored completely; the enzyme seems to play an 
important role futuristic enzymes which play a signifi cant role 
on personalized medicine and evolutionary approaches might  
offer new perspectives of research horizon.  
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