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DNA  double  helix  is  the  genetic  material  in  humans  and  most  of  the  living  organisms  on  this  planet.                    
DNA  contains  the  genetic  instructions  for  the  development,  functioning,  growth  and  reproduction              
of  the  organism.  DNA  is  a  long  polypeptide  chain  that  is  made  up  of  4  nucleotides,  cytosine  [C],                    
guanine  [G],  adenine  [A]  or  thymine  [T].  The  message  encoded  on  a  DNA  strand  can  be  decoded  by                    
reading  3  nucleotides  at  a  time,  referred  to  as  codon,  that  corresponds  to  a  specific  amino  acid  or                    
stop  signal.  DNA  molecules  are  written  in  a  language  of  four  nucleotides;  meanwhile,  the  language                 
of  proteins  includes  20  amino  acids.  This  report  explains  the  application  of  machine  learning  in                 
training  computers  to  learn  these  codons  and  their  corresponding  proteins.  Further,  an  online               
translation   tool   was   created   to   test   this   approach.   
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I n  recent  years,  artificial  intelligence  (AI)  is         
gaining  a  lot  of  importance  not  only  in          
science  but  also  in  all  aspects  of  our  society.           
In  order  to  understand  the  AI  one  should          
start  understanding  the  machine  learning       
(ML)  protocols  which  involves  some       
computer  programming.  Usually  in  science,       
“Python”  based  programming  is  used  in  ML         
along  with  statistics.  It  is  advisable  that  the          
current  college  students  must  have  at  least         
the  basic  knowledge  of  ML/AI  applications        
in  science  and  society.  However,  it  has  been          
a  nightmare  for  life  sciences  students  when         
it  comes  to  ML/AI  applications  in        
biomedical  research.  There  has  always  been        
a  disconnect  between  the  engineering       
students  that  are  good  at  coding  and  life          
sciences  students  that  are  good  at  Biology.         
The  purpose  of  this  article  is  to  build  a           
bridge  between  the  two  student  populations        
clarifying  the  questions  related  to  the        
applications  of  ML/AI  in  biomedical       
research.  A  simple  example  of  protein        
translation   using   genetic   code   was   chosen.     

Figure  1.  Transcription  and  translation,  the  central  dogma          
of   Molecular   Biology.   
  

The  deoxyribonucleic  acid,  DNA,  is       
a  double  stranded  twisted  helix  that  contains         
genetic  information  to  code  for  proteins  in        
most  of  the  living  cells  with  an  exception  to           
retroviruses  such  as  HIV.  The  four        
nucleotides,  cytosine  [C],  guanine  [G],       
adenine  [A]  and  thymine  [T]  form  long         
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polymers  encoding  various  genes  along  the        
sequence.  While  the  four  bases  interact  with         
each  other  (A-T  vs.  G-C)  with  high         
specificity  to  keep  the  double  stranded        
structure  together,  the  phosphate  backbone       
being  rich  in  negative  charge  offers  endless         
possibilities  to  interact  with  various  proteins        
such  as  RNA  polymerase.  The  genetic  code         
from  DNA  is  transcribed  into  the  mRNA  by          
the  RNA  polymerase  (Figure  1).  After  a  few          
rounds  of  meaningful  splicing,  the  final        
message  from  the  processed  mRNA  is        
translated  into  proteins  in  the  cytoplasm        
with  the  help  of  ribosomes  (Figure  1).         
During  translation,  specific  amino  acid       
molecules  are  called  for  based  on  the  triplet          
codon   in   the   mRNA   bound   to   ribosomes.     

There  are  a  total  of  64  triplet  codons          
that  occur  in  nature  which  specifically  call         
for  the  20  natural  amino  acids.  Accordingly,         
the  codon  table  (Figure  2)  gives  all  64  triplet           
codons  along  with  their  corresponding       
amino  acids.  Each  amino  acid  may  have  a          
minimum  of  one  unique  triplet  codon  (e.g.         
methionine)  to  a  maximum  of  8  triplet         
codons  (e.g.  arginine).  Out  of  the  64  triplet          
codons,  3  are  stop  codons,  UAA  (Ochre),         
UAG  (amber)  and  UGA  (opal)  that        
terminate  the  protein  translation  in  order  to         
have  proteins  of  meaningful  lengths  for        
appropriate  biological  functions.  Upon      
encountering  one  of  these  three  stop  codons,         
the  ribosome  stalls  due  to  lack  of         
corresponding   amino   acid.   

Figure   2.   The   standard   triplet   codon   table.   

ML  task.  The  first  task  was  to  create  an  ML            
model.  The  prerequisite  here  is  that  this         
model  should  be  able  to  predict  the  accurate          
sequence  of  amino  acids  in  a  protein         
molecule  based  on  the  user  input  in  the  form           
of  triplet  codons.  In  order  to  generate  this          
ML  model,  a  learning  dataset  is  needed  that          
could  be  fed  into  the  ML  task.  In  the  current            
report,  we  have  chosen  to  use  the  standard         
codon  table  (Figure  2)  as  the  triplet  codon          
source  as  well  as  the  reference  table.  By          
using  a  simple  Python  based  code,  a  dataset          
of  10,000  points  containing  randomly       
generated  codons  from  the  standard       
reference  table  (Figure  2)  and  the        
corresponding  protein  sequences  was      
generated.  This  dataset  was  then  used  as  the          
training  set  by  using  the  K-nearest  neighbor         
(KNN)  algorithm.  This  is  a  multiclass  task         
with  no  extrapolation  or  curve  fitting        
because  the  test  set  contains  the  exact  same          
inputs  as  that  of  the  training  set.  Hence          
KNN  algorithm  was  chosen  for  this  task.         
Details  of  the  code  be  obtained  from  the          
authors   by   request.   
Web  task.  As  shown  in  Figure  1,  the  central           
dogma  of  Molecular  Biology  includes       
transcription  and  translation  as  the  main        
steps  decoding  the  meaningful  triplet  codons        
from  DNA  into  functional  proteins.  In  order         
to  connect  the  ML  task  described  above,  a          
web  page  was  created  (Figure  3)  using        
simple  HTML,  Javascript  and  CSS  files.        
[This  webpage  can  be  accessed  online  at         
https://ruthvik07.github.io/sequence_translat 
or/].  The  user  can  either  type  or  copy  paste           
the  DNA  sequence  in  the  relevant  box  and          
click  on  the  “Translate”  button  so  that  the          
input  DNA  sequence  is  automatically       
displayed  as  the  corresponding  mRNA       
sequence  in  the  box  on  the  right  side  along           
with  the  translated  protein  sequences  in  all         
three  reading  frames  at  the  bottom  of  the          
page.  Once  the  translation  is  complete  the         
user  can  click  on  the  “Reset”  button  to  clear           
the   previously   input   DNA   sequence.   
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Figure  3.  The  user  interface  page  generated  using  web  development  task.  This  window  enables  the  user  to  type  in  or  copy  paste                        
the  DNA  sequence  which  is  then  transcribed  into  mRNA  sequence  and  protein  sequences.  The  three  open  reading  frames  of                     
translation   are   displayed   at   the   bottom   of   this   webpage.   

  
Results  &  Discussion:  Typically  the  KNN        
algorithm  is  considered  as  a  lazy  type  where          
an  object  is  classified  by  a  plurality  vote  of           
its  neighbors,  with  the  object  being  assigned         
to  the  class  most  common  among  its  k          
nearest  neighbors  (k  is  a  positive  integer,         
typically  small).  If  k  =  10,  then  the  object  is            
assigned  to  the  class  which  is  most  common          
among  its  10  nearest  neighbors.  Although        
odd  number  values  are  preferred  as  k  values,          
in  this  case,  “10”  was  used  because  the  test           
set  contains  the  same  exact  values  as  the         
training  set  in  the  ML  task  resulting  in  a           
perfect  model  with  100%  accuracy.  In  spite         
of  creating  our  own  codon  table  based  on          
this  ML  algorithm,  our  codon  table  is         
identical  to  the  standard  one  shown  in         
Figure   2.   

Further,  the  Bio-Translator  webpage      
is  equipped  to  translate  a  DNA  sequence  of          
length  32,768  or  65,536  characters       
depending  on  the  browser.  The  results  of  the          
webpage  include  the  corresponding  mRNA       
and  protein  sequences  in  the  three  frames.  If          
a  particular  DNA  sequence  entered  by  the         

user  is  invalid  (contains  characters  other        
than  A,T,C,G),  an  "Invalid  Input"  message  is         
displayed.  In  such  cases,  the  users  can  reset          
and  reuse.  Webpage  rendering  may  vary        
slightly  across  web  browsers  and  screen        
resolutions.     

The  simple  user  friendly  web       
interface  shown  in  Figure  3  (Bio-Translator)        
was  generated  using  an  existing  example  of         
online  tool  from  the  ExPASy  server  by  the          
Swiss  Institute  of  Bioinformatics      
(https://web.expasy.org/translate/).  However,    
the  purpose  of  creating  Bio-Translator  is  to         
incorporate  it  into  our  ongoing  vaccine        
design  project  at  TCABS-E,  Rajahmundry.       
The  Bio-Translator  will  play  a  critical  role  in          
predicting  the  amino  acid  sequences  and/or        
subtle  sequence  differences  in  the  novel        
Coronavirus-2019  (nCoV-19)  spike  protein.      
We  are  currently  in  the  process  of         
ML/AI-based  predictions  of  the  wild  type        
and  variable  sequences  in  nCoV-19  spike        
protein  along  with  their  immunogenicity       
potencies  coupled  with  animal  studies  to  be        
performed   in   the   future.   
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