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Carbohydrates ,  prote ins  and  l ip ids  are  the three  essent ia l  substances  
o f  l i f e .  Prote in  as  one  o f  them part i c ipates  in  a lmost  a l l  l i f e  ac t iv i t i es .  
Prote in  funct ion  i s  the  sum o f  a l l  the  behaviors  o f  prote ins  and  the  
behaviors  that  happen  through prote ins .  There fore ,  prote in  funct ion  
pred ic t ion  i s  o f  great  s igni f i cance  for  many  b io log i ca l  s tudies .  However ,  
the  ent i re  exper imenta l  pred ic t ion  methods  have  taken  a  l o t  to  ident i fy  
the  funct ion  in format ion  but  wi th  l i t t l e  success .  On the  o ther  hand,  
s t ructura l  genomics  pro jec ts  exponent ia l ly  increase  the  number  o f  prote in  
sequences  by  the  h igh- throughput  method  in  genome-wide  s trateg ies .  Thus ,  
more  and  more  researches  focus  on  computat ional  pred ic t ion  methods  
us ing  prote in  sequences .  

Prote in  funct ion  pred ic t ion  can  be  carr ied  out  in  many  ways .  This  
d i sser tat ion  main ly  d iscusses  three  cases :  prote in  GO (gene  onto logy )  
annotat ion  pred ic t ion ,  subce l lu lar  l oca l i zat ion  pred ic t ion ,  and  PPI  
(prote in -prote in  interact ion)  pred ic t ion .  GO annotat ion  i s  a  descr ipt ion  
category  o f  the  whole  funct ions .  GO annotat ion  pred ic t ion  i s  a  compl i cated  
mult i labe l  c lass i f i cat ion  task  because  there  are  thousands  o f  GO c lasses  
and  prote ins  usual ly  have  more  than  one  annotat ion .  Subce l lu lar  
l oca l i zat ion  descr ibes  the  prote ins  in  d i f f erent  l ocat ions  corresponding  to  
the  ce l lu lar  funct ions .  F inal ly ,  the  prote in  interact ion ,  as  the  cr i t i ca l  
po int  o f  f orming  prote in  macromolecular ,  inc ludes  PPI  pred ic t ion  and  
prote in  complex  detec t ion .  They  p lay  an  essent ia l  ro le  in  s tudying  
molecular  funct ions .  

Apply ing  machine  l earning  methods  for  prote in  funct ion  pred ic t ion  
has  become popular  in  recent  years .  The  super ior i ty  o f  machine  l earning  
has  been  proved  many t imes .  However ,  a  power fu l  deep  learning  method  i s  
not  yet  success fu l  in  prote in  funct ion  pred ic t ion  tasks .  On one  hand,  s ince  
the  pred ic t ion  tasks  are  usual ly  very  compl i cated  mult i labe l  c lass i f i cat ion  
prob lems ,  i t  i s  c ruc ia l  to  implement  deep  neura l  networks  for  the  tasks .  
However ,  exper imenta l ly  annotated  prote ins  are  not  ava i lab le  f or  most  
spec ies .  As  a  resul t ,  i t  requires  to  per form a  t rans fer  l earning  based  on  
the  exper imenta l ly  annotated  prote ins  ava i lab le  f or  some few type  spec ies .  
On the  o ther  hand ,  i t  has  been  known that  i t  i s  d i f f i cu l t  to  implement  a  
t rans fer  l earning  in  b io in format i cs  tasks  because  o f  the  over f i t t ing  
prob lems  due  to  l imi ted  t ra in ing  samples .    

To  address  the  above  prob lems ,  we  deve lop  a  nove l  deep  convo lut ional  
neura l  network  (CNN)  model  wi th  mult i -head  and  mult i - end  (MHME)  to  



 

3 

implement  a  c lass  o f  c lass i f i ers  in  one  model .  The  deep  MHME CNN model  
shares  a  deep  CNN feature  extractor  in  a  c lass  o f  re lated  d i f f erent  
pred ic t ion  tasks  so  as  to  extract  common feature ,  which  makes  the  
t rans fer  l earning  poss ib le .  The  proposed  model  i s  then  appl ied  for  three  
prote in  funct ion  pred ic t ion  tasks :  GO annotat ion  pred ic t ion ,  subce l lu lar  
l oca l i zat ion  pred ic t ion  and  PPI  pred ic t ion  based  on  a  t rans fer  l earning  
f rom d i f f erent  tasks  and  d i f f erent  spec ies .   

The  d isser tat ion  conta ins  f ive  chapters  as  f o l l ows :  

Chapter  1  f i r s t  introduces  the  background o f  prote ins  and  prote in  
funct ions .  Then  we  d iscuss  the  three  pred ic t ion  i ssues  and  the  re lated  
researches  and  summarize  the  chal lenges .  At  las t ,  the  goa l  o f  deep  
model ing  for  prote in  funct ion  pred ic t ions  and  our  proposa l  are  l i s ted .  

Chapter  2  deve lops  a  deep  h ierarchica l  mode l  f or  GO annotat ion  
pred ic t ion .  GO annotat ion  pred ic t ion  i s  f i r s t  f ormulated  as  a  very  
compl i cated  task  o f  h ierarchica l  mul t i labe l  c lass i f i cat ion ,  cons is t ing  o f  a  
se t  o f  h ierarchica l ly  organized  loca l  c lass i f i ers .  A  deep  MHME CNN model  
i s  then  proposed  to  implement  the  whole  se t  o f  h ierarchica l ly  re lated  loca l  
c lass i f i ers  in  one  model .  The  proposed  model  cons is ts  o f  three  parts :  the  
body  part  o f  a  deep  CNN model  shared  by  d i f f erent  l oca l  c lass i f i ers  f or  
f eature  extract ing  and  mapping ;  the  mult i - end  part  o f  a  se t  o f  
autoencoders  per forming  feature  fus ion  t rans forming  the  input  vectors  o f  
d i f f erent  l oca l  c lass i f i ers  to  f eature  vectors  wi th  the  same length  to  share  
the  feature  mapping  part ;  and  the  mult i -head  part  o f  a  se t  o f  l inear  
mult i - labe l  c lass i f i ers .  In  th is  way ,  by  shar ing  a  deep  CNN with  mult ip le  
l oca l  c lass i f i ers ,  we  can  extract  common feature  and  construct  more  
power fu l  l oca l  c lass i f i ers  f or  each  leve l  wi th  l imi ted  t ra in ing  samples  and  
achieve  bet ter  c lass i f i cat ion  per formance .  Exper iment  resul ts  on  var ious  
benchmark  datasets  f rom Uniprot  show that  the  proposed  deep  CNN based  
model  has  bet ter  per formance  than  the  s tate -o f - the -art  t rad i t ional  mode ls .  
Moreover ,  i t  g ives  rather  good  per formance  even  under  t rans fer  l earning  
o f  same tasks ,  but  d i f f erent  spec ies .  

Chapter  3  introduces  a  deep  prote in  subce l lu lar  l oca l i zat ion  pred ic tor  
enhanced  wi th  t rans fer  l earning  o f  GO annotat ion .  GO annotat ions  have  
been  known to  be  use fu l  f or  the  subce l lu lar  l oca l i zat ion  pred ic t ion .  
However ,  exper imenta l ly  annotated  prote ins  are  not  a lways  ava i lab le .  I t  
i s  mot ivated  to  per form deep  learning  o f  GO annotat ions  on  the  ava i lab le  
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exper imenta l ly  annotated  prote ins  for  some type  spec ies  and  t rans fer  i t  t o  
subce l lu lar  l oca l i zat ion  pred ic t ion  on  o ther  spec ies .  The  proposed  deep  
prote in  subce l lu lar  l oca l izat ion  pred ic tor  cons is ts  o f  a  l inear  c lass i f i er  
and  a  deep  CNN feature  extractor .  By  us ing  the  deep  MHME CNN model ,  a  
deep  CNN feature  extractor  i s  f i r s t  shared  and  pretra ined  in  a  deep  GO 
annotat ion  pred ic tor ,  and  then  i s  t rans ferred  to  the  subce l lu lar  
l oca l i zat ion  pred ic tor  wi th  f ine - tuning  us ing  prote in  l oca l i zat ion  samples .  
In  th is  way ,  we  have  a  deep  prote in  subce l lu lar  l oca l i zat ion  pred ic tor  
enhanced  wi th  t rans fer  l earning  o f  GO annotat ion .  The  proposed  method  
has  good  per formances  on  the  Swiss -Prot  datasets  when trans fer  l earning  
us ing  the  prote in  samples  both  wi th in  and  out  spec ies .  Moreover ,  i t  
outper forms  the  s tate -o f - the -art  t rad i t ional  methods  on  benchmark  
datasets .  

Chapter  4  proposes  a  deep  PPI  pred ic tor  and  reconstructs  a  PPI  
network  based  on  deep  t rans fer  l earning  for  prote in  complex  detec t ion .  
The  completeness  o f  a  PPI  network  i s  c ruc ia l  f or  the  detec t ion  o f  prote in  
complexes .  However ,  complete  PPI  networks  are  not  ava i lab le  f or  most  
spec ies  because  exper imenta l ly  ident i f i ed  PPIs  are  usual ly  very  l imi ted .  
To  so lve  the  prob lem,  a  deep  learning  based  PPI  pred ic tor  i s  proposed  to  
es t imate  the  unknown PPIs ,  and  construct  a  complete  PPI  network ,  f rom 
which  prote in  complexes  are  detec ted  us ing  a  spectra l  c luster ing  method .  
Cons ider ing  the  fac ts  that  the  s imi lar i t i es  o f  GO annotat ions  contr ibute  to  
prote in  interact ions ,  and  the  d i f f erences  o f  subce l lu lar  l oca l i zat ions  
contr ibute  to  negat ive  interact ions ,  the  deep  MHME CNN model  i s  used  to  
pretra in  a  deep  CNN feature  extractor  in  a  c lass  o f  deep  GO annotat ion  
and  subce l lu lar  l oca l i zat ion  pred ic tors  us ing  datasets  f rom the  type  
spec ies ,  then  t rans fer  i t  to  the  PPI  pred ic t ion  model  f or  f ine - tuning ,  so  as  
to  have  a  deep  PPI  detec tor  enhanced  wi th  t rans fer  l earning  o f  GO 
annotat ion  and  subce l lu lar  l oca l i zat ion  pred ic t ion .  Exper imenta l  resul ts  
on  benchmark  datasets  CYC2008  and  MIPS show that  the  proposed  method  
outper forms  the  s tate -o f - the -art  methods .  

Chapter  5  conc ludes  the  contr ibut ions  o f  th is  d i sser tat ion  and  
prov ides  future  works .  In  summary ,  th is  d i sser tat ion  proposes  a  deep  
MHME CNN model  and  appl ies  i t  to  the  pred ic t ions  o f  prote in  GO 
annotat ion ,  subce l lu lar  l oca l i zat ion  and  PPI  based  on  a  t rans fer  l earning  
f rom d i f f erent  tasks  and  d i f f erent  spec ies .   


