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Origin of introns in Santiago de Compostela, Spain

Of Gain And Loss
Francisco Rodríguez-Trelles has participated in the elaboration of a model that provides a solution to the long standing 
enigma of how new introns originate. His clash against the academic system at the Spanish University has, however, 
overshadowed his enthusiasm for this and his other scientific achievements. He is now resolved to leave the country.

Since their discovery, three decades 
ago, introns have become one of 
the most fascinating topics in biolo-

gy. What is their use and origin? Although 
previously regarded as ‘junk’ DNA, recent 
discoveries suggest that introns may play 
a central role in the processing of genetic 
information by the cell. Alternative splic-
ing, for example, is known to be a source 
of protein variability and it has also been 
shown that introns modulate the expres-
sion of certain genes by influencing the 
processing of their mRNAs. More and more 
intron roles emerge as the research in this 
direction progresses. Meanwhile, the de-
bate about the introns’ origin and evolution 
has also been quite energetic. Modern high-
throughput genomics has recently allowed 
the comparative analyses of spliceosom-
al protein sequences across the major eu-
karyotic groups; this has shown that introns 
and the splicing process must have pre-dat-
ed the last common ancestor of today’s eu-
karyotes by a significant period of time. The 
latest theory (known as ‘Introns First’ the-
ory) propounds that introns date back to 
the RNA world, to the beginning of life, and 
that, in fact, modern introns are like molec-
ular fossils of what, in the RNA world, once 
were the exons (ribozymes) and that mod-

ern exons have most likely have evolved 
from the non-coding (intronic) sequences 
separating the ancient ribozymes. Prokary-
otes would have lost their introns later, as 
a consequence of a strong selection pres-
sure for rapid reproduction and/or surviv-
al at higher temperatures. It is a suggested 
theory but there are still many loose ends 
to settle, such as the mechanisms of intron 
gain and loss.  

An outstanding teacher
Francisco Rodríguez-Trelles is a Span-

ish researcher captivated by the evolution-
ary history of introns. “My scientific career 
started with a fascination for evolution-
ary biology. I see myself as an evolution-
ary biologist interested in the patterns and 
processes of genetic differentiation. I did 
my postdoc in Francisco Ayala’s laborato-
ry at the University of California in Irvine, 
where I became addicted to molecular ev-
olution. I hold very fond memories of that 
period. Francisco is an outstanding man. He 
helped me to expand my thinking skills and 
gave me the freedom to develop my own 
ideas.” Rodríguez-Trelles had, indeed, the 
good fortune to have learned with an out-
standing teacher. Born in Madrid in 1934, 
Ayala, with almost 1,000 publications and 

30 books to his name, is one of the most 
renowned and awarded evolutionary ge-
neticists. With deep, intellectual concerns, 
he became a Dominican priest in Spain in 
the early 60’s but shortly thereafter, he 
moved to the USA and began to study evo-
lution with Theodosius Dobzhansky. That 
was probably a defining experience, since 
he never returned – neither to Spain nor to 
the religious service. He has, however, pre-
served an interest in bioethics and the rela-
tionships between science, religion and so-
ciety or in current debates like the teaching 
of evolution in schools or embryonic stem 
cell research. 

Rodríguez-Trelles and Ayala got on well 
with one another. “We have continued our 
collaboration ever since my years as post-
doc,” says Rodríguez-Trelles. “We simply 
feel comfortable with each other.” Another 
Spanish postdoc at Ayala’s lab, Rosa Tarrío, 
joined them as the third component of the 
team. During the last decade, the collabora-
tion between Rodríguez-Trelles, Tarrío and 
Ayala has been very productive, with some 
outstanding results. These include the dis-
covery of extreme nonstationarity of the ge-
nome nucleotide base composition and its 
impact on phylogenetic reconstruction in 
Drosophila; the discovery of convergent mo-
lecular evolution by adaptive duplication; 
and a distinctive statistical property of mo-
lecular clocks, previously unknown, which 
systematically biases estimates of past ev-
olutionary events. In addition, they have 
published some papers about intron evolu-
tion. “Our latest PNAS work,” says Rodrígu-
ez-Trelles, “Started in trying to map intron 
positions using transcript information. Rosa 
was complaining about problems in ascer-
taining intron boundaries, when we sud-
denly realised those problems could hold a 
key to the enigma of intron gain. It was re-
ally exciting! Beyond its implications for in-
trons, the work reframes the way we under-
stand the evolution of gene structure.”

Massive intron losses
Most of the studies carried out up to 

now agree that the last eukaryotic com-
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mon ancestor had a very high intron densi-
ty. Most of those original introns were lost 
as the eukaryotes evolved, although vast 
differences in rates of intron loss were ex-
perienced by the different lineages.  It has 
been calculated that, on average, a fraction 
of only 10 to 40% of the ancestral introns 
remains at present time. But intron loss is 
only a part of the story. As inferred and/
or observed from novel intron positions 
at many nodes, certain lineages must also 
have experienced a substantial gain of in-
trons in the recent past. It has been esti-
mated that the number of introns gained 
per genome in the last million (109) years 
would be about 6.1 in the lineage of Droso-
phila melanogaster, between 7.6 and 22.9 in 
Arabidopsis thaliana, 7.5 in rice and 6.6 in 
Ascomycete fungi.

And what about new introns?
The mechanisms by which novel intron 

positions originate have been a matter of 
controversy. It was assumed that new in-
trons had to originate by transposition or 
tandem duplication or any of the other 
known general mechanisms by which new 
DNA fragments are generated within a ge-
nome. Any of these mechanisms implies 
that new introns originate as copies of 
pre-existing ones and that certain ho-
mology should then be traceable among 
them. However, up to now, genome scans 
carried out in different organisms have 
been unable to detect a single case of ho-
mologous introns in non-homologous 
genes. Then, where have new introns 
come from? This question has been puz-
zling the researchers over the last years. 

In their new paper (PNAS 105: 7223-
8), Tarrío, Ayala and Rodríguez-Trelles 
devise a solution to the enigma. Their 
model, inspired on recent advances in 
the understanding of pre-mRNA process-
ing, proposes that new introns originate 
by sliding processes generated by alter-
native splicing. We now know that alter-
native splicing is a frequent and ubiqui-
tous process, reported in animals, fungi, 
plants and some protists. The process of 
alternative splicing, by which exons of 
primary transcripts are spliced in differ-
ent patterns, increases the coding capaci-
ty of genomes. Splice sites are short and im-
precise, and potential new splice sites could 
be easily generated almost everywhere in a 
genome by point mutations. Cis- and trans-
acting elements modulate the strength of 
alternative splice sites. New weak splicing 
sites may produce minor isoforms with only 
mild effects on fitness since the remaining 

major fraction of transcripts would uphold 
the gene’s function. As the authors state, 
“Intron slicing events are not expected to oc-
cur instantaneously. After the emergence of 
a novel donor/acceptor splice site, millions 
of years might be necessary until the fixa-
tion of the mutation(s), as well as the occur-
rence of changes in splicing code allow for 
the replacement of pre-existing major iso-
forms. At the process completion, little may 
be left of the original intron sequence.” This 
would explain why it is so hard to find any 
trace of homology among putative, newly-
generated introns. 

Allergenic reactions
Rodríguez-Trelles returned to Spain af-

ter his postdoc. Though the Ministry of Sci-
ence recognised his merits and gave him 
enough financial support for his research, 
he did not feel welcome at his department 
in the University. “I returned to Spain with 
a Ramón y Cajal (RyC) contract for person-
al reasons,” says Francisco. “Yet I could not 
have imagined how much of an allergen-
ic reaction my background as researcher 
from abroad was going to elicit at the Uni-
versity of Santiago de Compostela. Academ-

ic departments do not recognise research-
ers coming from outside the institution as 
‘theirs’, which triggers an allergenic reac-
tion resulting in the ‘de facto’ exclusion of 
newcomers from the plans of the universi-
ty. I experienced lack of independent lab 
space, threats to professional status and 
isolation.” Economic efforts by the central 

government to circumvent these situations 
are often fruitless. Still, many universities 
gave in to pressures from the departments 
to keep control over access to the system, 
thus detracting from the essence of the RyC 
programme. 

Leaving this “scientists’ grinder”
In Santiago, even Rodríguez-Trelles fell 

victim to University abuse. “I kept a record, 
documenting some of the abuses I faced 
during my kafkian journey as a RyC in the 
University of Santiago de Compostela. My 
paper in Evolution (vol. 57: 839) provides a 
good illustration of a modus operandi. The 
issue started shortly after my return to San-
tiago, when, in that month’s issue of Evolu-
tion, I discovered an article by my former 
PhD supervisors. The article, which had 
been prepared and submitted to the jour-
nal without my knowledge, included al-
tered data from my doctoral thesis and my 
name as a co-author. After checking outside 
opinions, I felt deeply embarrassed. Eventu-
ally, I followed the ‘Business Conduct Prin-
ciples Reference Guide’ I was given when 
I arrived as a postdoc in the University of 
California, and requested clarification by 

the Chancellor of the USC. I remember, I 
was quite optimistic, thinking that my re-
quest could prompt the creation of an aca-
demic deontological code for the universi-
ty. But the academic authorities respond-
ed that the issue was not the university’s 
business. So I wrote to the Editor of Evo-
lution, who took my allegation of scien-
tific misconduct seriously and started an 
investigation, which included interviews 
with the respondents, who were given the 
opportunity to refute my allegation, and a 
rigorous investigation of the documenta-
ry evidence. The investigation found my 
allegation to be true. The published arti-
cle was redressed but the matter did not 
finish there. When I applied for a perma-
nent position at the Department of Genet-
ics, the two professors found guilty of aca-
demic misconduct were designated Chair 
and Secretary of the examination board. I 
beseeched the Chancellor to require them 
to recuse themselves from the board. But 
the Chancellor declined my plea, based 
on the sole ground that the two professors 

declared no conflict of interests.”
No wonder his return to Spain has be-

come a highly frustrating experience for 
Rodríguez-Trelles and why, after six years, 
he is resolved to pack his bags again and 
leave the country: “I have had enough. 
Now, I have decided to leave this scientists’ 
grinder.”     RAFAEL FLORÉS

How do new intron elements 
insert into the chain?


