
Guest Editorial

PHYSIOLOGICAL GENOMICS

Understanding the ‘functioning’ of the l iving organisms has been central
to the quest of biological sciences since the very beginning. This realization
reached a  cr i t ical  mass sometime in the 17th century and Physiology as  a
disciple was insti tutionalized.  I t  was an idea whose t ime had come.

If god is in details, then physiologists are most religious. The elegance of
physiology is  in  detai ls  and in  the  fundamental  pr inciples  that  govern the
interactions between them. It  is  this quest  that  has reduced an organism to
conglomeration of organ systems, an organ to assembly of cells and a cell to
a cluster  of  organelles  over  the last  two mil lennia.  Last  few decades have
seen further reduction to the level of protein and genes. Today no physiological
explanation is ‘adequate’ without the details of the genes and proteins involved.
Rene  Descar te  would  have  been  ecs ta t i c  a t  th i s  deve lopment  and  bu t  he
would have soon realized that even with whole genome sequences in hand we
are  s t i l l  unab le  to  ‘ t ru ly ’  exp la in  the  ‘how’  and  ‘why’  o f  phys io log ica l
phenomenon. Despite the enormous factual information about genes, protein,
t ransla t ion and t ranscr ipt ion processes ,  the  pic ture  of  physiology far  f rom
complete.  The reductionist  approach aimed at  identifying the molecular and
ce l lu la r  events ,  s tud ied  in  pur i f ied  form or  i so la ted  sys tems can  only  be
extrapolated to a discrete molecular or cellular phenomenon. We have reached
a  s tage  ‘ loose ly’  ana logous  to  the  Heisenberg’s  uncer ta in ty  p r inc ip le  in
quantum physics. The more we attempt to understand the whole in terms of
i ts  units ,  more difficult  i t  becomes to understand the whole.  The lower we
go in the level of organization more difficult it is becoming to see the complete
picture. A strictly reductionist approach is not giving the answers to questions
we started with.  Is there a way out? Physiological genomics is  perhaps the
answer  or  a t  leas t  a  way towards  that  answer .

The genome project  was stared in 1991.  Today we have ful l  genome of
many organisms across the animal kingdom. Developments in genomics have
spawned  newer  t echnolog ies  tha t  a l low iden t i f i ca t ion ,  quan t i f i ca t ion  and
compar i son  of  mul t ip le  genes .  The  cur ren t  workhorse  of  the  genomics  i s
DNA microarray.  I t  a l lows rapid and high throughput  method of  analyzing
the transcripts in given cell ,  t issue or organism. It  is not uncommon to see
publications with thousands of genes being simultaneously studied in different
experimental setups to give the ‘snapshot’ of genetic machinery of a cell. The
enormi ty  of  the  genomic  and pro teomic  da ta  has  resu l ted  in  evolu t ion  of
methods of analyses hi therto not  considered by the biologists .  Computation
and a lgor i thms are  in tegra l  to  these  techniques .  Physio logis ts ,  in  genera l ,
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in te rac t ion  be tween  the  genes .  The
physiological genomics provides the ‘gestalt’
to  the  genes  and proteins .

Every  leve l  o f  o rgan iza t ion  f inds  i t s
mechanism a t  lower  levels  of  organiza t ion
and  i t s  s ign i f icance  a t  h igher  l eve l s  o f
organization. The Physiological genomics is
an approach to  look a t  the  s ignif icance of
genes  and  pro te ins  a t  h igher  l eve l  o f
organ iza t ion  i . e .  the  o rgan ism in  the
contex t  o f  i t s  env i ronment .  A thorough
knowledge  of  complex  in terac t ion  be tween
genotype and phenotype is required to have
grea tes t  impac t  on  medic ine  and  d i sease
p reven t i on .

DNA microar ray  i s  a  h igh  th roughput
technology that allows profiling of the state
of  a  ce l l  in  t e rms  of  re la t ive  abundance
of  mRNA ( t ranscr ip tome)  or  p ro te ins
(pro teome) .  The  re la t ive  ease  o f  do ing
microarray comes wi th  h idden enormity  of
da ta  and  consequent  ana lys i s .  In i t i a l ly
major  i s sues  were  the  s tandard iza t ion  of
exper iments ,  da ta  management ,  and
s tandard iza t ion  of  da ta  represen ta t ion .
The  ana lyses  have  been  exp lora t ive  and
concentrated on the statistical determination
of upregulated or  downregulated transcripts
or  p ro te ins .  This ,  wi th  due  respec t  to  the
effort  of those involved, has been the easy
par t .  The  d i f f i cu l t  pa r t  i s  and  wi l l  be  in
drawing  meaning  ou t  o f  i t ,  in  l ink ing  the
genome to  phys io logy .  These  i s sues  were
deba ted  in  the  1997  Banbury  conference
organ ized  by  the  Amer ican  Phys io log ica l
Society, “Genomics to physiology and beyond:
how do we get there?”. The ‘mating’ resulted
in  the  b i r th  o f  a  journa l ,  ap t ly  named
‘Physiological Genomics’ in 1999, dedicated
to provide a common ground.

have  tended  to  keep  the  ce l lu la r  and
molecu la r  rea lm away f rom the  so  ca l led
‘c lass ica l  phys io logy’  o r  the  sys temic
phys io logy .  In  do ing  so ,  we  have  s t rayed
away from the very essence of  physiology.
The understanding the ‘functioning’ of living
organism is the domain of physiologists and
the level  of  analysis  viz .  organism,  organ,
t i s sue ,  ce l lu la r ,  molecu la r  and  even
submolecular  i s  immater ia l .  In  th i s  mi l ieu
genomics is implicit in physiology. However,
naming ceremonies  are  of ten  useful  to  re-
emphas ize ,  so  the  te rm Phys io log ica l
Genomics. It is an idea whose time has come.

Physiological genomics is the study of the
functioning of gene products in the context
of the whole organism and its environment.
It  is  an emerging field that brings together
the disciplines of genomics and cell ,  organ
and  whole  an imal  sys tems  in tegra t ive
physiology in an effort to attach function to
the  DNA sequences  of  complex  l iv ing
systems.  I t  is  an at tempt  to  br ing together
the  fami l ia r  approaches  of  b iochemis t ry ,
molecular and cellular biology, genetics and
c lass ica l  phys io logy  and  pa i r  them wi th
recen t  t echnolog ies .  Terminolog ies  a re
created for ease of communication but more
often than not  they endup being confusing.
At  th i s  po in t  sub t le  d i f fe rences  in  the
connota t ion  of  var ious  t e rminolog ies  mus t
be  exp l ic i t ly  emphas ized .  Genomics  dea l s
wi th  de te rmina t ion  of  sequences  o f  the
genome of the organism, identification of the
regula tory  and  the  expressed  components .
Pro teomics  dea l s  wi th  iden t i f i ca t ion  and
characterization of proteins of the cell  in a
g iven  func t iona l  s ta te .  Func t ion  genomics
goes  a  s tep  fu r ther  and  dea l s  wi th
unders tand ing  the  b io log ica l  func t ion  of
the  genes ,  mechanisms  of  regu la t ion  and
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So much for what physiological genomics
is ? The next obvious question is how does
one  prac t ice  phys io log ica l  genomics ?  The
work of David Woo and Ira Kurt (1) on the
determination of genetic loci of hypertension
is instructive. To physiologists regulation of
blood pressure is staple diet.  We know that
blood pressure  is  complex t ra i t  determined
by  gene t ics  and  envi ronment  in f luences .
However ,  the  specif ic  genet ic  determinants
and the i r  in terac t ion  wi th  envi ronment  are
not  known completely .  David Woo and Ira
Kur t  s tud ied  the  gene t ic  de te rminants  o f
high blood pressure  in  mice.  They crossed
two inbred s trains  of  mice,  one s train that
tended to have higher blood pressure (mean
–132  mmHg)  and  one  tha t  t ended  to  have
lower blood pressure (mean ~ 105 mmHg).
The F2 generation resulted in generation of
litter that had mixed population of mice with
pressure ranging from low to high (range = 70
to 162 mmHg, n = 1,521). The distribution of
the  b lood  pressure  showed Gauss ian
distr ibution.  They selected mice with blood
pressure  1  S tandard  dev ia t ion  above  the
mean (n = 233) and those with blood pressure
1  s tandard  dev ia t ion  be low the  mean
(n = 232) .  These  two groups  of  mice  were
phenotyp ica l ly  d i s t inc t  (hyper tens ive  vs
hypotens ive)  bu t  had  same gene t ic
background (F2 crosses of  the same inbred
s t ra ins ) .  They  then  proceeded  to  genotype
the two groups using a set of microsatellite
markers .  Us ing  the  too ls  o f  genomics  and
bioinformat ics  they  ident i f ied  four  regions
(‘quantitative trait loci’ to put it in genomic
ja rgon)  on  the  mice  genome which  were
related to the blood pressure phenotype. This
s tudy  shows  how too ls  o f  genomics  were
u t i l i zed  to  unders tand  fac tors  de te rmin ing
the  b lood  pressure .  The  s to ry  i s  no t
complete,  what remains to be determined is

what  are  the  genes  in  these  loci  and what
do they do ?

This  work a lso  i l lus t ra tes  the  changing
approach in scientific methodology. The work
was explorative and not driven by hypothesis.
However ,  once the  genes  in  these  loci  are
de te rmined ,  hypothes i s  d r iven  exper iments
wi l l  have  to  be  dev ised  to  iden t i fy  the
s ign i f icance  of  these  genes  in  the
determining  the  b lood pressure .

S imi la r  work  i s  be ing  done  a t  many
laboratories. The physiological genomic maps
of cardiovascular function have been created
for  ra t  (2 ,  3 ) .  These  approaches  a re  a l so
being utilized to understand the phenomenon
of  metabol ic  impr in t ing ,  re la t ionsh ip
be tween  nu t r i t ion ,  exerc i se ,  genes  and
physiological function.

Evolutionary pressures have ensured the
robustness of biological systems. As a result,
a t  a l l  of  level  of  organizat ion,  the  sys tem
has high degree of redundancy and pleiotropy.
This  i s  espec ia l ly  ev iden t  a t  the  l eve l  o f
genome and proteome.  Thus,  exclusive one
physiological function-one gene approach is
untenable.  We have to deal  with thousands
of  genes  wi th  over lapp ing  func t ions  a t
ce l lu la r  l eve l ,  hundreds  o f  ce l l s  wi th
overlapping funct ion at  organ level  and so
on .  More  so ,  these  in te rac t ions  a re  ‘non-
l inear ’ .  The  in te rp lay  of  env i ronmenta l ,
genet ic  and physiological  factors  that  goes
in to  con t ro l l ing  the  complex  b io log ica l
process  makes  the  p rocesses  o f  d i ssec t ion
an  in t imida t ing  task .  In  th i s  scenar io ,  the
t radi t ional  methods of  analysis  are  gross ly
inadequa te .  Sys tems  b io logy  has  emerged
f rom th i s  chaos .  At  i t s  core ,  the  sys tems
biology represents renewed recognit ion that
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a  coordinated systems view is  necessary to
‘truly’ understand biology.

Next  ques t ion  i s  who  can  prac t ice
phys io log ica l  genomics ?  Given  the  very
nature of i ts  goal  and scope,  i t  is  unlikely
that it can be done by single person or even
single  laboratory.  This  wil l  need combined
ef for t s  o f  mathemat ic ians ,  eng ineers ,
computa t ion  b io log is t s  and  above  a l l  wi l l
require physiologists  with broad knowledge
and experimental skills, capable of hypothesis
deve lopment  and  tes t ing  a t  the  ce l lu la r ,
o rgan  and  whole  o rgan ism leve l .  As
physiologists, our responsibility is paramount.
In  a  g loba l  wor ld ,  on ly  the  l abora tor ies
without  walls  wil l  survive and contr ibute.

Physiologis ts  p lay an important  role  as
teachers to budding scientists and physicians.
However ,  th i s  emerg ing  wave  has  no t

been  g iven  adequa te  a t t en t ion  by  the
physiologists, in general. We will fail in our
du ty  as  t eachers  i f  do  no t  expose  our
s tuden ts  to  the  concep ts  o f  phys io log ica l
genomics.  Take any textbook of physiology
and you wil l  recognize the chasm that  has
grown.  Most  o f  us  a re  growth  re ta rded  a t
p re -genomic  leve l  to  pu t  i t  mi ld ly .  I t  i s
u rgen t  and  c ruc ia l  tha t  phys io log is t s  t ake
up the  chal lenge to  be  ins tep wi th  rapidly
changing times. We have to change not only
our  v iew poin t  to  these  deve lopments  bu t
a l so  the  way  we  teach  phys io logy  to  our
s tudents .  We have  to  incorpora te  newer
d imens ion  of  phys io log ica l  genomics ,
b io informat ics  and  sys tems b io logy in  our
quest to understand the ‘functioning’ of living
organ isms .  Fa i lu re  to  do  so  has  on ly  one
logical end: the physiology as we know today
will be a footnote in textbooks of genomics
if  not history.
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