
Un der stand ing evo lu tion

Jan Barciszewski½1 and Andrzej B. Legocki½2

In sti tute of Bioorganic Chem is try of the Pol ish Acad emy of Sci ences, 
Z. Noskowskiego 12/14, 61-704 Poznañ, Po land

At the end of the 20th cen tury mo lec u lar ge -
net ics has been the cen tral theme in bi o log i cal 
thought. No body ques tions the im por tance of
ge net ics, nor ar gues that DNA plays the role
of the blue print of life for all com po nents of
the liv ing cell. How ever, we still do not un der -
stand the gen eral mech a nism of the cell func -
tion and de vel op ment. The se quence of the hu -
man ge nome as well as other genomes is gen -
er ally be lieved to be the start ing point of bi o -
log i cal and bio med i cal in ves ti ga tions in the
fol low ing cen tury and of the de bate on the or i -
gin of life. Life de pends on the in ter ac tion of
thou sands of genes and their pro tein prod -
ucts, or ches trated by the reg u la tory logic of
each ge nome. If we are to  com pre hend this
logic, we must hope that it can be dis sected
into a se ries of inter linked mod ules or net -
works, each of which can be stud ied in rel a tive 
iso la tion. But even then, the com plex ity of a
sin gle mod ule can be daunt ing. There is a
hope that de tailed an no ta tion of the da ta base
of genes and in-depth ex plo ra tion of the physi -

co-chemical prin ci ples of liv ing sys tems will
bring us closer to the un der stand ing of the
cell.
The ba sis of our in sight into cell supra mo -

lecu lar struc ture is the doc trine of self as sem -
bly and self or gani sa tion which is a di rect ex -
ten sion of the cen tral dogma of mo lec u lar bi ol -
ogy from the real se quence of lin ear in for ma -
tion to the third di men sion of pro tein and as -
sem blies. The mechanism of self-assembly is
very pow er ful and it op er ates far be yond
atomic di men sions to form very com plex
struc ture like ri bo somes or spliceosomes. At
each level, novel laws can be found whose nec -
es sary, sep a rate study has de fined par tic u lar
dis ci pline. As Phil An der son once said psy -
chol ogy is not ap plied bi ol ogy, it is not ap plied
chem is try or it is not ap plied phys ics. The
features of the very same sys tem de pend on
the scale of ob ser va tion. This pre cludes the ex -
trap o la tion of knowl edge at one level to higher 
lev els, where the “com plex ity” in creases. Un -
der stand ing why this is so and de ter min ing
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how to for mal ize the prob lem of emer gent fea -
tures and multiscale de scrip tion is one of the
goals of the sci ence of com plex sys tems.
One can ask when we will be able to un cover

uni ver sal prin ci ples work ing in liv ing or gan -
isms and de velop a set of de sign rules for bi o -
log i cal ac tiv i ties, like those which the phys i cal
sci ences al ready used to de scribe the mech a -
nisms of the non-biological world. We should
keep in mind that the or gan ism is also a phys i -
cal en tity with geo met ric di men sions, sub -
jected to the laws of mac ro scopic me chan ics.
Per haps the most fun da men tal is to ex plain
the im mense di ver sity of life de spite its deep
and per va sively sim i lar mo lec u lar ar chi tec -
ture. The an swer lies in conforming the pres -
ence of new genes, and then introducing them
to a con stantly changing eco log i cal and phys i -
cal en vi ron ment. This can be pos si ble through 
un der stand ing the con nec tion be tween phe no -
type and ge no type. The im pli ca tions of the
rev o lu tion in mo lec u lar bi ol ogy and de vel op -
men tal pro cesses of the evo lu tion are uni ver -
sally ap pre ci ated.
Dur ing the sec ond half of the 20th cen tury,

bi ol ogy was dom i nated by reductionist ap -
proaches that suc cess fully gen er ated in for ma -
tion about in di vid ual cel lu lar com po nents and 
their func tions. Un der stand ing gene func -
tions has to in clude knowl edge about the hard -
ware as pect. Cells are com part men tal ized,
and lo cal iza tion of pro teins af fects their func -
tion. In for ma tion trans fer takes place not
only through the spec i fic ity of pro tein bind -
ing. The cell re sponds to top o log i cal clues and
me chan i cal forces that play a cen tral role dur -
ing morphogenesis and yet do not en code ge -
netic in for ma tion. Over the past de cade, this
pro cess has been greatly ac cel er ated by the
emer gence of genomics.
In the very near fu ture, we will be over -

whelmed by the ex po nen tial in crease of bi o -
log i cal data in terms of both vol ume and com -
plex ity. More and more pow er ful com put ers
and com pu ta tional tools for the un der stand -
ing of the ever in creas ing num ber of da ta -
bases will help to elu ci date the low est level

com pounds such as the struc ture and func tion 
of a mol e cule in bi o log i cal net works. How -
ever, these tools may ap pear in ad e quate to un -
cover the com plex sys tem of con trol that char -
ac ter ize all liv ing or gan isms. Evo lu tion has
pro duced fam i lies of pro teins whose mem bers 
share the same three-di men sional ar chi tec -
ture and fre quently have de tect ably sim i lar se -
quences.
A time is com ing when peo ple will re quest

more de tails and greater pre ci sion of the in -
fer ences drawn from com plete genomes: how
an en zyme performs its ca tal y sis; why dif fer -
ences oc cur; what de ter mines tran scrip tion
dif fer ences, how cell in duces changes in its
neigh bour and what shape will the or gan ism
be.
Struc tural genomics ef forts have emerged in 

re sponse to the fact that ge nome se quences
en coding many pro teins are of ten un de tect -
able in the course of se quence com par i son,
and pro tein sec ond ary and ter tiary struc tures
are highly cou pled and dif fi cult to pre dict ac -
cu rately. The es sence of struc tural genomics
is to start from the gene se quence, pro duce a
pro tein and de ter mine its three-dimensional
struc ture. The chal lenge, once the struc ture
has been de ter mined, is to ex tract use ful bi o -
log i cal in for ma tion about the bio chem i cal and 
bi o log i cal role of the pro tein in the or gan ism.
This is a com plete re ver sal of the clas si cal
struc tural bi ol ogy par a digm, where a pro tein
struc ture has been de ter mined to un der stand
how it per forms its known bi o log i cal func tion
at the mo lec u lar level. The pur pose of
genomics is to un der stand bi ol ogy: not sim ply
to iden tify com po nent and de velop the ex per i -
men tal and com pu ta tional meth ods, but also
to take ad van tage of as much se quence in for -
ma tion as pos si ble and to cat a logue all the
genes to gether with the in for ma tion on their
func tions; to un der stand how the com po nents 
come and work to gether to com prise func tion -
ing cells and to make up the phys i ol ogy of an
or gan ism.
Sim i lar ities be tween un known polypeptides

and known pro teins re vealed only at the level
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of high res o lu tion mo lec u lar struc tures might
sug gest a bi o log i cal func tion.
Un til now, more than 30 prokaryotic and

sev eral eukaryotic genomes, in clud ing yeast,
worm, fly, hu man, have been solved. The se -
quence data will have the great est im pact on
mo lec u lar med i cine, as they will al low to
better for mu late the di ag no sis of a dis ease.
Func tional genomics is the next step in this bi -
o log i cal rev o lu tion. It has evolved from a sur -
re al is tic or at least fu tur is tic con cept in the
1980s to an ac cepted part of sci ence at the be -
gin ning of the new mil len nium. It is not sim -
ply the as so ci a tion of a func tion to the iden ti -
fied genes but the or ga ni za tion and con trol of
ge netic path ways that come to gether to make
up the phys i ol ogy of an or gan ism. There fore,
we need to find the roles and prin ci ples gov -
ern ing the mech a nisms of bi o log i cal ac tiv ity.
However, the ge nome in dus try is al ready in
full swing. As a com mer cial ac tiv ity, it will
stim u late prof its from the ge nome well be fore
any drugs, di ag nos tics or tech ni cal ad vances
of any kind have as cended from the nu cle o tide 
se quence.
Un for tu nately, the bil lions of bases of DNA

se quence do not tell us what all the genes do,
how the cells work, how the cells form or gan -
isms, what goes wrong in the course of a dis -
ease, how we age or how to de velop a drug.
This is where func tional genomics co mes into
play.
Ex pres sion ar ray and proteomic tech nol o -

gies will give us the a bil ity to de ter mine when
a cell uses par tic u lar genes and when it does
not. Clas si cal me tab o lism told us how a cell
lives whereas proteomics is nec es sary to tell
how a cell dies. Proteomics can be used to cor -
re late gene ex pres sion data to cell me tab o lism 
and the or gan ism phe no type. These po ten tial
ap pli ca tions make proteomics use ful for
study ing plant phys i o log i cal mech a nisms, and 
also for pro vid ing clues on pro teins of un -
known func tion. How ever, this ap proach
alone may not pro vide in sight into the mech a -
nisms that es tab lish pro tein ex pres sion pat -

terns. Since the im por tant reg u la tory pro -
teins such as tran scrip tion fac tors and sig nal -
ling pro teins are usu ally not vi su al ized on
two-dimensional gels due to their low abun -
dance. Par al lel stud ies of proteomes and
trans criptomes should not only al low for the
to un der standing the re la tion ship be tween
mRNA and pro tein lev els. It should also re -
spond to the ques tions posed by large scale
proteomic stud ies about the genes/pro teins
in volved in the reg u la tion of ge nome ex pres -
sion, from tran scrip tion to post-trans crip tio -
nal pro cesses.
As in other fields be fore, bi ol ogy will ex pe ri -

ence an in creased use of sys tems math e mat -
ics and com puter sim u la tions. A new math e -
mat i cal bi ol ogy is emerg ing. Build ing on ex -
per i men tal data on or gan ism de vel op ment it
uses the powerful com pu ta tional meth ods to
ex plore the prop er ties of real gene net works.
Will it ever reach a level of so phis ti ca tion in
math e mat i cal mod el ling and sim u la tion sim i -
lar to other fields? The com plex ity of liv ing
sys tems and their continuous change through
evo lu tion makes many sceptical about the suc -
cess of such endeavours.
The main method of anal y sis in mo lec u lar bi -

ol ogy has been the car toon rep re sen ta tion in
dif fer ent path ways. How ever, for their full un -
der stand ing, num bers need to be at tached to
the ar rows, and equa tions should be re lated to 
the num bers. What about the entropic fac -
tors, which are of par a mount im por tance for
their un der stand ing? How do we deal with wa -
ter in these cal cu la tions. Can we even cal cu -
late the enthalpy bar ri ers to in di vid ual re ac -
tion steps with use ful ac cu racy? Can we fore -
see the ef fects of amino acid sub sti tu tions at
the ac tive site?
Over the past 20 years, it has be come clear

that a va ri ety of RNA mol e cules have im por -
tant or es sen tial bi o log i cal func tions in cells,
be yond the well-established roles of ri bo -
somal, trans fer and mes sen ger RNAs in pro -
tein biosynthesis. In RNA, se quence con ser va -
tion among func tional homologs is usu ally
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lim ited to short seg ments, mak ing homology
search more dif fi cult than the search for pro -
teins. Our un der stand ing of RNA is cur rently
lim ited by the lack of struc tural data.
It is not yet clear how many struc tural RNAs

are ex pressed in dif fer ent cell types, what bio -
chem i cal path ways they par tic i pate in and
what pro teins they bind. Struc tural genomics
of RNA (ribonomics) will be most in ter est ing
when in te grated with ex per i men tal and com -
pu ta tional meth ods for iden ti fy ing novel RNA 
genes and de ter min ing their bi o log i cal rel e -
vance.

For the fu ture de vel op ment of bi ol ogy, in te -
gra tive anal y sis of the func tion of mul ti ple
gene prod ucts has be come a crit i cal is sue.
Such ap proach will rely on bioinformatics and 
meth ods for sys tem anal y sis. In the fu ture,
the bi o log i cal sci ences will be in creas ingly fo -
cused an the sys tems prop er ties of cel lu lar
and tis sue func tions.
Where are we now in un der standing evo lu -

tion?
Now it is not the end. It is not even the be gin -

ning of the end. But it is, per haps, the end of
the be gin ning.
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