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ON PREDICTION IN BIOLOGY AND EVOLUTIONARY THEORY

It is w ide ly  know n that, from  a logical po in t o f view, prediction has the sam e 
s truc tu re  as exp lanation. G iven an em pirica l phenom enon or explanandum , its 
exp lanation  essen tia lly  consists  in estab lish ing a set o f w e ll-confirm ed univer
sa l hypo theses and anteceden t cond itions from  which the sta tem ent describ
ing the  phenom enon can be deduced. In th is  case, a prediction o f the sam e 
phenom enon w ou ld  have consisted in establish ing the sam e set o f un iversal 
hypotheses and cond itions  p rio r to  the occurrence o f the event itself. Though 
th is  v iew  has encountered  som e difficu lties in its application to  socia l and 
h istorica l d isc ip lines, it adequa te ly  describes how  these two m a jor concepts 
are  regu la rly  understood and used in sc ien tific  activity, specia lly  in the natura l 
sc iences.

However, desp ite  th e ir log ica l identity, explanation and prediction are ap
precia ted by the  sc ien tific  com m unity  in a ve ry  d iffe ren t m anner. A  theory, 
a law  or a genera l hypothes is  w ith w hich it is possib le to  antic ipate  events tha t 
w ill e ffec tive ly  happen, en joys o f m ore cred ib ility  than the explanation con
ce ived a poste rio ri in order to  account fo r the  sam e events. The h istory o f 
sc ience endorses th is  fee ling o f the sc ien tific  com m unity  and, in th is  sense, 
the  venerab le  cases o f G alileo, Newton and E inste in are repeated ly quoted.

Accord ing  to  sc ie n tis ts ’ pre ference o f p red ictive  know ledge there are som e 
issues unconnected  w ith  philosophica l cons idera tions involved, such as the  
practica l va lue  tha t the  pow er to antic ipate  events has fo r hum an life. But, 
the re  are a lso  ep is tem o log ica l questions involved tha t have to be pointed out 
in o rde r to  understand the  high cred it o f those genera l s ta tem ent w hich allow  
to  antic ipa te  the experience. Am ong these, it is usual to  m ention tha t the d if
fe rence  betw een exp lana tion  and prediction is o f a p ragm atic  characte r tha t is 
g iven by the  tem pora l s ituation in w hich the sc ien tis t is placed: a fte r or before 
the  occurrence o f the  explanandum . But the re  is m ore than tim e. As Lipton 
(1991, p .145) says: "W hen the sc ien tis t does not know  the right answer, she 
know s tha t she is no t fudg ing her theore tica l system  to  get it. The fac t tha t her
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prediction is o f a fu tu re  event is only re levant insofar as th is accounts fo r her 
ignorance". On the  contrary, explanation would a llow  fo r accom m odation o f 
the theoretica l system  to the data. Thus, it is understandable  tha t successfu l 
predictions can provide a high regard to those  theories which orig inated them , 
w hereas unsuccessfu l pred ictions norm ally produce th e ir public discredit.

The high consideration o f predictive know ledge by the  scientific  com m unity  
expla ins w ell the reason w hy the d isc ip lines and theories that can pred ict are 
considered m ore sc ien tific  than those tha t can do it in a lesser degree. Phi
losophers o f sc ience have genera lly  agreed w ith the v iew  about the suprem 
acy o f prediction on explanation, as w e can see in the  cases o f prom inent 
figures o f Popper, H em pel and Lakatos. Having said that, it is abso lu te ly un
derstandable  tha t those w ho have adopted w ithout reservations this v iew  o f 
the  value o f prediction, could have susp ic ions on the sc ien tific  charac te r o f 
socia l d isc ip lines because o f the lim ited predictive pow er o f the theories that 
exist in the ir fie lds.

A t any rate, b io log ica l d isc ip lines are natura l sciences; they  seem  to share, 
a t firs t sight, the  sam e destination as social ones. Even regarding the evo lu
tionary theory, w hich, accord ing to  the fam ous d ictum  o f D obzhansky 
("nothing m akes sense in b io logy except in the  light o f evolution"), is the heart 
o f m odern biology, the w idespread consensus is tha t th ings are more em bar
rassing. In th is artic le  w e a ttem pt to  dem onstra te  tha t th is opinion is partia lly  
unfounded. The s ituation regarding prediction in b io log ica l know ledge can 
appear grave to  sc ien tis ts  cla im ing tha t any pred iction has to  be exact o r to 
those w ho adhere to  b io logica l theories tha t are in serious m ethodological 
d ifficu lties, such as neo-D arw in ism . A s soon as w e get into m olecu lar b io logy 
o r p rece llu lar evolution, the im age o f b io logica l sc iences as m erely descrip tive  
o r post hoc exp lanatories, reveals itse lf as inadequate .

A  d istinction w ill be useful fo r our purposes. It re fers to  the precision o f the 
prediction itself. In th is sense, w e should accura te ly  d istinguish between ex
actness and rigor, on the  one hand, and lack o f exactness and vagueness on 
the  other. The fo llow ing exam ples w ill provide us w ith  an insight o f th is d is tinc
tion and they w ill exem pt us o f the requ irem ents o f a theore tica l d iscussion 
tha t w ould be m ore appropria te  fo r ano ther context. W ha t counts as an exact 
prediction can be illustra ted in the case o f a sc ien tis t w ho ca lculates the path 
o f a p lanet w ith  the  help o f N ew ton ’s m echanics, his law  o f gravita tion and 
known antecedent conditions. The case o f a rigorous prediction, but not an 
exact one, is d iffe rent: from  the hypothesis tha t the  evolution happened (the 
fac t o f evo lu tion) it is possib le  to  pred ic t the  past nx is tence o f in term ediate 
form s. In th is sense, the d iscovery o f Archaeopteryx, a fossil w ith bird and 
reptile  characteristics, constitu ted an accom plishm ent o f that prognosis. Be
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cause o f the fac t that the prediction had been m ade w ithout specifying which 
concrete  form s had to be encountered, it could not be called an exact predic
tion. N evertheless, it w as a rigorous prognosis because the notion o f in term e
dia te  form  is m orpholog ica lly  unam biguous, i.e., it lacks vagueness.

It is understandable  tha t the question o f prediction in b io logy causes great 
concern am ong b io log ists and philosophers o f b io logy because any scientific  
theory  should produce som e kind o f prediction. But th is ju s t does not occur 
w ith  neo-D arw in ism , w hich en joys a prom inent place in contem porary life 
sciences. It should be noted tha t w e speak o f "a" theory o f evolution and not 
"the" theory o f evolution. A  theo ry  o f evo lu tion -  w hatever it be -  should be 
understood as the set o f genera l hypotheses about m echanism s according to 
w hich species evolved up to  today ’s living form s, and should be carefu lly  
d istingu ished from  the ex is tentia l hypothesis o f the fact o f evolution. Besides 
neo-D arw in ism , o f w h ich the  centra l hypotheses are the creative role o f natu
ral selection, the theory  o f m icrom utation and, in som e versions, Spencer's 
law  "the surviva l o f the  fittest" (G ould 1982), o ther a lternatives are possible. 
So, we m ay consider the ep igenetic  theory, which asserts tha t the creation o f 
the  living fo rm s occurred during the  process o f ontogenesis, and particu larly 
em bryogenesis. Am ong o the r titles, th is  a lternative approach is supported by 
tha t revealed by the foss il record and by a historical taxonom y that has been 
carried out regard less o f spec ific  evo lu tionary tenets (Lovtrup 1986-87, 1987; 
Am undson 1994).

The problem  o f neo-D arw in ism  regarding prediction is m ain ly due to  two 
factors. The firs t is the d iscove ry  by Scriven (1959), Popper (1992) and m any 
o thers o f the tau to log ica l cha rac te r o f the Spencer’s m axim  "the surviva l o f the 
fittest", tha t m any neo-D arw in ians, as Ruse (1973), though t w as a central 
tene t o f the theory. But tau to log ies  say nothing about the em pirica l world, thus 
they  cannot constitu te  the  g rounds fo r any prediction in natura l sciences. The 
second fac to r is the fa c t tha t the  o ther two neo-D arw in ian princip les (the the 
ory o f m icrom utation and the theo ry  o f natura l se lection as creative force) 
toge the r genera te  the prediction tha t the fossil record m ust exhib it a gradual
is ts  character. The ra tiona le  is sim ple: if it is supposed tha t the evolution o f 
species is produced by natura l se lection acting on s ligh t phenotypical variants 
in ind iv idua ls  during long periods o f tim e, then the testab le  result should be 
a foss il record d isp laying the gradua l orig in o f evo lu tionary novelties. How
ever, pa leonto log ica l ev idence show s us tha t the in term ediate form s predicted 
by D arw in ians and neo-D arw in ians never existed and tha t the dom inant pat
tern  is m ade up o f recurren t gaps between genera and h igher taxa. In o ther 
w ords, there  is no ev idence o f in te rm ed ia te  stages (S tan ley 1979; E ldredge & 
G ould 1972).

-231 -
http://rcin.org.pl/ifis



The problem  pointed out has produced a critica l m ethodolog ica l s ituation fo r 
neo-D arw in ians. This is so because predictions not only antic ipate  facts, but 
they  s im ultaneously perform  the  role o f testab le  hypotheses, the fa ls ifica tion 
o f w h ich im plies -at least in p rincip le- the fa ls ifica tion o f the centra l tenets 
which genera te  the pred ic tions them selves. D arw in ians and neo-D arw in ians 
have been sensitive to  the po in t and, in th is sense, provided m otives fo r the 
fa ilu re  o f such an im portant prediction, which com es d irectly  from  the heart o f 
th e ir theory. D iffe rent aux ilia ry  hypotheses can be supplied in o rde r to  explain 
the  fa ilu re  (incorrect in terpre ta tion o f pa leonto logica l data, past existence o f 
perturb ing fac to rs  operating on the evo lu tionary m echanism s, etc.). So did 
Darw in h im self, G .G. S im pson (1944) and E. M ayr (1982), to  quote only the 
m ost p rom inent e ffo rts  in th is  sense. However, an ana lysis o f the ir additional 
exp lana tions is out o f our scope. The rationale fo r the present purposes is to 
m an ifest tha t th is critica l s ituation has generated a fee ling o f doubt about 
b io log ica l sc iences tha t is fue ling, now fundam enta lism s (unable  to  d istinguish 
betw een the obstacle  o f a spec ific  theory and the  sc ien tific  va lue o f the evolu
tion is t perspective), now  the apprehensions o f the scientific  com m unity  regard
ing any evo lu tionary  attem pts.

Fortunate ly, in the fie ld o f prece llu la r evolution, w hich focuses on a funda
m enta l period o f the historica l process o f life, we find successfu l predictions, 
hypotheses tha t can antic ipate  fac ts  tha t were unknown when these  hypothe
sis w ere  coined. Certain ly, the  re lative sim plic ity  o f the system s capable to 
im ita te  som e kind o f prece llu la r processes, a llows an experim enta l approach 
tha t w ould  be very d ifficu lt to  ach ieve in the fie ld o f the evolution o f organism s. 
H owever, com plex ity  is never a valid excuse fo r lack o f prediction. The ques
tion here is not to  predict the fu tu re  o f life, but to  dem onstra te  tha t evo lu tionary 
m echan ism s w ork in fu ll accordance w ith the pred ic tions deduced from  the 
theory  (Lovtrup  1988).

Those D arw in ians genetic is ts  w orking w ith Drosophila are consc ious o f the 
fa c t tha t they  attem pt to  dem onstra te  the  reality and the im portance o f Darw in
ian m echan ism s to  explain the  orig in  o f new species, but they do not attem pt 
to  know  the fu ture  o f evolution. Up to now, the ir e fforts  have been fru itless, 
un less the extrapolation o f the  resu lts  obta ined in the fie ld o f m icroevo lu tion to 
tha t o f m acroevo lu tion can be considered a leg itim ate m aneuver. But m eth
odo log ica lly  speaking, it is nonsense because tha t is ju s t w hat has to be dem 
onstra ted (the onus probandi).

A ny evo lu tionary system  (na tu ra l o r socia l) enta ils  som e kind o f transference 
o f w ha t is achieved at a s tage  to the subsequent o re . In o ther words, inheri
tance  is a lw ays a necessary cond ition  fo r evo lu tionary processes. On this 
prem ise, i.e., on the  requ irem ent o f a certa in continuation o f in form ation, Sol
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Spiege lm an em braced very early  the hypothesis that says tha t the m ateria l o f 
p rece llu la r evolution had been the genetic substance (Spiegelm an 1945). 
In th is  way, Sp iege lm an adhered to the ideas o f H.J. M uller and J.B.S. 
H aldane, who had con jectured by the 1920s that the substance o f prim itive life 
had been the substance o f inheritance. From  a historical point o f view, it 
should be pointed out tha t by tha t tim e  the  genetic substance had not been yet 
identified. However, b io logists a lternative ly  opted fo r one o r the o ther o f the 
tw o curren tly  w ell-know n b io log ica l m acrom olecules, by giving priority to the ir 
respective  external characteris tics, now  to  the m etabolism  (O parin), now  to 
the inheritance (Haldane).

The hypothesis undertaken by Sp iege lm an, m any years a fte r its enunciation, 
had been enriched by data tha t H aldane and M uller could not have at hand, 
specia lly  the chem ical s tructure  o f nucle ic acids and thereby the w ay in which 
they could store in form ation and pass on the ir structure. It was also decisive 
fo r the p re ference o f Sp iege lm an and cow orkers the fa ilure o f S idney Fox and 
co lleagues in dem onstra ting how  po lyam inoacids (prote ino ids) could pass on 
th e ir structu res to o ther po lyam inoacids and generate evolution (O rgel 1968). 
Natura lly, the e lim ina tion o f one o f the  two possib le candidates clearly indi
cated to  Sp iege lm an the  d irection tha t th is research should follow.

In sp ite  o f the fac t tha t nuc le ic  acids appeared to  be the unique option, 
Sp iege lm an had to  find independen t confirm ation fo r his hypothesis. In first 
place, b io logy is not a form al sc ience that progresses by pure ly theoretica l 
decis ions. In second place, independent confirm ation o f central hypotheses by 
m eans o f derived testab le  ones is a m ethodologica l rule, o therw ise there 
w ould  not be any con tact betw een sc ien tific  thought and experience. In addi
tion, there  w ere  strong obstac les to  the consideration o f nucle ic acids as the 
substances o f prece llu la r evo lu tion (substances that according to  Spiegelm an, 
they  w ould  have associa ted a fte rw ards to  proteins in order to  enhance their 
own w ork). On the one hand, the substance  o f life not only had to be able to 
store  and transm it in form ation, bu t also to  perform  som e functions (e.g., to 
cata lyze rep lica tive  processes). On the other, the D NA -  the chem ical struc
tu re  and m echanism  o f dup lica tion  o f which, were w ell known by the 1960s -  
could no t o ffe r all that any evo lu tionary  process by selection dem ands: pheno
typ ica l variants. In th is sense it w as c lear tha t the perfectly  paired double helix 
o f D N A  w ou ld  have been unable  to  o ffe r options to the dem ands o f a prim itive 
env ironm ent (see Sagan's curious a ttem pt o f 1957).

W ith regard to the independent confirm ation o f the central assum ption o f 
Sp iege lm an and cow orkers (that a nucle ic acid had been the substance o f 
p rece llu la r evolution), the derived tes tab le  hypotheses w ere two. That is, two 
w ere  the  pred ictions m ade in th is sense by researchers:
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•  the  nucle ic acid should have been able to o ffe r phenotyp ica l variants to 
the  prece llu lar environm ent, w hich operated d irectly  on the naked m ole
cules;

•  these variants  should have had a b io logical s ign ificance, i.e., they should 
have been characteris tics  o f adaptation from  a b io logica l po in t o f view.

The accom plishm ent o f the firs t prediction took place w hen advances in the 
stud ies o f RNA, specia lly  those  related to RNA virus, revealed tha t -  con tra rily  
to  D NA -  RNA entities (e.g., vira l genom es) could p resent ve ry  d iffe ren t 
structures (o r "m o lecu la r phenotypes”) by virtue o f the chem ica l pecu lia rities 
o f RNA. Particu larly, the genom e o f the Q r v irus (and its derived species, i.e., 
fragm ents  o f the orig ina l Q& genom e that are able to  instruct the ir own syn
thes is  to the ir protein m achinery) "conta ins a surpris ing num ber o f in trastrand 
antipara lle l com plem ents, a pecu lia rity  generating the po ten tia lity  fo r extensive 
secondary and te rtia ry  s tructures conta in ing antipara lle l s tem s and loops. This 
poss ib ility  w ould a llow  these m olecules to go beyond the ir prim ary sequences 
and exp lo it the se lective  advantages o f the ir tw o- and th ree-d im ensiona l con 
sequences: a d istinction between genotype and phenotype could thus arise 
be fore  the  prim ary sequence w as used fo r transla tiona l purposes" (M ill e t al. 
1973, p. 916).

But, w ere those m olecu la r phenotypes, o r d im ensiona l consequences o f the 
R N A prim ary strands, actua lly  re levant fo r se lective p rocesses? How can we 
find it out? The chance fo r an answ er arrived when the iso la tion o f the firs t 
se lf-rep lica ting  system , the Qs replicase system , took place. The Q& replicase, 
an R N A-dependent R NA polym erase, has been d iscovered and purified by 
Sp iege lm an and cow orke rs in 1965 and w as capable o f m ediating in vitro 
extens ive  and continuous rep lica tions o f viral RNA (H aruna & Spiege lm an 
1965a, 1965b). Th is  particu larity  opened the possib ility  o f studying the rep lica
tive  act in a system  tha t was very s im ple  due to the few  com ponents involved 
in the process: the Qu replicase and the vira l genom e. This s ituation encour
aged the explora tion o f se lective  processes outside a living cell by im posing 
d iverse  and spec ific  se lective  pressures on the system  and then observing the 
unam biguous answers. In Sp iege lm an 's words:

An opportunity is thus provided for studying the evolution of a self-replicating nucleic 
acid molecule outside a living cell. It should be noted this situation mimics an early 
precellular evolutionary event, when environmental selection presumably operated 
directly on the genetic material. The comparative simplicity of the system and the 
accessibility of its known chemical components for manipulation permit the imposi
tion of a variety of selection pressures during the growth of the replicating molecules 
(Spiegelman 1967, p. 256).
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Am ong the experim ents carried out w ith the Q& system , we w ant to focus on 
the so-ca lled "seria l trans fe r technique". By m eans o f its application, where 
the in terva ls o f synthesis between the trans fe r are adjusted to  se lect the first 
m olecu les com pleted, the m olecu les are forced to reproduce as soon as pos
s ib le (M ills et. al. 1967). O r put in another way, "W hat w ill happen to the RNA 
m olecu les if the on ly dem and on them  is the  Biblical in junction 'm ultip ly ', w ith 
the b io logica l proviso tha t they  do so as rap id ly as possible?".

As the  experim ent progressed, the R NA m olecu les becam e shorter. By the 
74th trans fe r the 83% o f the orig ina l Q& genom e (4500 nucleotides long) had 
been elim inated. The Q& genom e p rogress ive ly  prescinded o f those parts that 
cod ify  fo r prote ins not needed by a virus during its life in a test tube (in fections 
proteins, the  replicase, etc.). In o rder to  reproduce itself, the Q& prescinded o f 
those  parts tha t constitu ted a burden under the critica l c ircum stances created 
by the experim ent fo r qu ick replication (a com ple te  account o f Spiegelm an 
and cow orke rs ’ experim ents o f the 1960s. -  in Sp iege lm an 1971; a critical 
study on Q r system  in connection w ith the  theory o f the hypercycle -  in Küp- 
pers 1979, 1990).

The se lf-rep lica ting fragm ents p roduced during th is process and others 
form ed the so-called "Qa Zoology". W e  should keep in mind that these frag
m ents w ere not random  po lynucleo tides because they could instruct the ir own 
synthesis; thus they  w ere tru ly  se lf-rep lica ting  R NA species. Am ong them , we 
can m ention the V-1 (550 nts.), the MDV-1 (218 nts.), the m icrovariant 
(114 nts.), and the 6S (100 nts.) As it w as said in connection w ith the neces
sity  o f the sub ject o f an evo lu tionary p rocess to o ffe r phenotypica l variants to 
a se lective  environm ent, each R N A species had its own peculiar m olecu lar 
phenotype. These Q& species show ed d iffe ren t properties o f b io logical value; 
exam ples o f these  w ere  the replication in the  presence o f well known inhibi
to rs  o f R NA syn thes is  (as e th id ium  brom ide), resistance to inh ib itor analogues 
o r the m ore e ffective  use o f CTP to  suboptim al concentrations. The crucial 
po in t is tha t the above m entioned characte ris tics  and others w ere results o f 
the  m o lecu la r phenotypes o f the Qu species, the R NA strands o f w hich were 
not involved in in form ationa l tasks. By dem onstra ting the im portance o f mo
lecu la r phenotypes w ith regard to  se lective  pressures, Spiege lm an verified 
a tes tab le  hypothesis (o r pred iction) orig inated from  his central one: the RNA 
had been the substance o f prece llu la r evolution.

Som e fina l considerations. In firs t place, pred ictions are testab le  hypotheses 
capab le  o f fa ls ify ing  (when they fa il) centra l assum ptions. But when predic
tions are  successfu l, they cannot ve rify  the  hypotheses that orig inated them 
(fa llacy o f affirm ing the  consequent). In th is  sense, Sp iege lm an and cowork
ers ' ach ievem ents cannot constitu te  a ground to support, beyond any doubt,
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the hypotheses o f RNA as the substra tum  o f p rece llu lar evolution, instead 
they can on ly  provide som e em pirica l (im portant) foundation about it. Second, 
we should not fo rge t tha t rep licase is an evolved cata lyst and, in th is  sense, 
the results obta ined from  the experim ents w ith the  Qu system  m ay on ly  be 
extrapolated to  the prece llu la r period w ith serious reservations. However, 
Sp iege lm an 's p rognosis in the  fie ld  o f p rece llu lar evolution was accom plished 
rigorously, because it w as possib le  to determ ine the b io logical im portance o f 
RNA phenotypes in se lective  processes. Thus, som e predictions are  not on ly  
possible, but a lso successfu l in evo lu tionary theory  (quod era t dem ostran- 
dum).
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