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Por quée nos interesan los genomas?



Antes de la revolucion

+  Mucha agua paso bajo el puente para determinar estos “bloques” fundamentales de la vida, como funcionan y
regulan para generar diversidad

+  En todos estos afos se han desarrollado diversas teorias para explicar los mecanismos por los cuales cambia la
informacion genética, la organizacion gendomica, de como y por qué se genera diversidad.

+  Estas teorias se han puesto a prueba luego de contar con mucha mas informacién gendémica. La informacion
generada a partir de las nuevas tecnologias de secuenciacion, parece iluminar con datos y permitir estudios a
grandes escalas

+  Esta luz también permitio ver que la informacion obtenida anteriormente basada en organismos facilmente
observables o cultivables era la inmensa minoria, siendo la “materia oscura” la mayor parte de la diversidad de la
vida existente.
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Por que nos interesa el tamano de los genomas?

El genoma de los organismos especifica las estructuras de moléculas efectoras codificadas genéticamente (ARNs y
proteinas) que a su vez son responsables de generar y/o regular las estructuras y procesos requeridos para la supervivencia
y reproduccion de los organismos.

Diversidad genomica \ Diversidad de la forma y funcion

Complejidad
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THE CGENETIC ORCANIZATION OF CHROMOSOMES 3027
C. A. TaOMAS, J=r.
Harvard Medical School, Boston, Massachusells

We don’'t know how chromosomes are organized, but there are some
tantalizing clues, and we may be on the edge of finding out.

5. Tee c-VaLue Parapox

This story begins more than 20 years ago with the observations of the
Vendrely's (26) and of Mirsky & Ris (64) that different species contain
different amounts of DNA in their nuclei. This harmless information caused
some discomfort when it was learned that primitive amphibians and fish
contained more than 20 times as much DNA per nucleus as did man. It
was argued that mammals display a greater developmental complexity than
primitive fish, therefore, they must have more genes, yet why should the
lower forms have more DNA, if DNA is the chemical basis of the gene?
Early opponents of the DNA-theory of heredity drew strength from the mis-
interpretation of these observations and they continue to inspire some (65).
Others contented themselves with interim interpretations such as: maybe
those animals and plants having huge amounts of DNA per nucleus were
highly polyploid. In this way the c-value (the amount of DNA per haploid
set of chromosomes) could still be a reasonable number. When this proved
not to be true, some suggested that these chromosomes were polytene—-that
is, having multiple chromatids per chromosome. When it was shown that
these chromosomes replicated semi-conservatively and that the sperm cells
contained about half the huge amount of DNA found in the somatic cells,
some retreated to the uncertain refuge of polynemy—that is, many strands
of DNA per chromatid. But, as discussed in the previous section, this inter-
pretation creates more problems than it solves. Here the matter rested, for
who could be certain that the lower forms did not in fact require more genes
to conduct their dreary affairs.



C-value paradox /7 C-value enigma

+  Contenido de ADN no codificante, resuelve la paradoja, pero...
Qué tipo de secuencias estan presentes en los genomas eucariotas?
Como contribuyen en la variabilidad del tamano gendmico?
Cbomo estos elementos se acumulan o se pierden a lo largo de la evolucion?
Estas regiones no codificantes tienen una funcion en la biologia de los organismos?

Por qué algunos genomas se mantienen racionalizados y otros adquieren un inmenso tamano?
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Virus

+  Entidades mas abundantes en la naturaleza

+  Presentes en casi todos los ecosistemas de la tierra

+  Amplio rango de variacion de tamano, forma, hospedero, complejidad
+ ADN/ARN
+  Simple hebra / Doble hebra

_l

Circovirus
2Kb
2-3 genes

Giant viruses
1200Kb
900 genes
mimivirus



Virus

68.7%

Viruses with
1 to 9 proteins

. Total % of proteomes
m Total % of proteins

53 5%
25.7%
2% 127% 12.9%
97%
75%

Viruses with
10 to 49 proteins

Viruses with
50 to 99 proteins

Viruses with
100 to 499 proteins

Viruses with
500+ proteins

. viruses MY

Review

Giant Viruses—Big Surprises

Nadav Brandes ! and Michal Linial *©

24

Bacteria (1883)

! Vertebrates (1728)
Plants (1675)
Invertebrates (1510)
Protozoa (63)

Algae (57)
Other (773)
N/A (270)

Total genome length (nt) (log scale)
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Virus

Virus
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Procariotas

+

Genoma compuesto mayoritariamente por regiones codificantes (85-95%)

Composicion de bases estable a lo largo del cromosoma, pero muy variable entre especies (de 13 a 75%GC)
Arquitectura — Genomas configurados en dominios que tienen una relacion con el sitio de replicacion y el
empaquetamiento

El mapa genético se mantiene estable entre especies relacionadas

cantidad de
0 regiones
codificantes

tamano del
genoma



Procariotas

+  Genoma compuesto mayoritariamente por regiones codificantes

+  Composicion de bases estable a lo largo del cromosoma, pero muy variable entre especies (de 13 a 75%GC)
+  Arquitectura — Genomas configurados en dominios que tienen una relacion con el sitio de replicacion y el
empaquetamiento

+  El mapa genético se mantiene estable entre especies relacionadas

1 endosimbiontes vias metabolicas l

obligatorios complejas :
150Kb 14Mb Sorangium cellulosum
100 genes 10000 genes 14.7Mb
reduccion Agrupamientos “cuerpos”

multicelulares
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Origin of an Alternative Genetic Code in the Extremely
Small and GC-Rich Genome of a Bacterial Symbiont

John P. McCutcheon'-?*, Bradon R. McDonald?, Nancy A. Moran?

1 Center for Insect Science, University of Arizona, Tucson, Arizona, United States of America, 2 Department of Ecology and Evolutionary Biology, University of Arizona,

I
Tucson, Arizona, United States of America
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Figure 1. Relationship b size and GC content for sequenced Bacterial and Archaeal genomes. Obligately intracellular

insect symbionts are shown as red cwcles obligately intracellular «-Proteobacteria as dark blue circles, Hodgkinia as a purple circle (as it is both an
obligately intracellular #-Proteobacteria and an insect symbiont), and all other -Proteobacteria as light blue circles. Most other Bacteria and Archaea
are represented by small gray circles, although some have been removed for clarity, and the plot is truncated at 10 Mb.

doi:10.1371/joumal pgen.1000565.g001

Hodgkinia - Tiene propiedades similares a
otros endosimbiontes

Alta densidad de genes
Acortamiento de genes
Solo 144Kb

Alto contenido en GC (58%)

Genome Biol Evol. 2012; 4(1): 28-29. PMCID: PMC32
Published online 2012 Jan 13. doi: 10.1093/gbe/evr135 PMID: 222

Highlight: Tiny Bacterial Genome Opens a Huge Mystery: AT
Mutational Bias in Hodgkinia

Danielle Venton®
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Assessment of the bimodality in the distribution of bacterial genome
sizes

Hyun S Gweon," Mark J Bailey,* and Daniel S Read®
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Number of protein encoding genes
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Genome Streamlining in a
Cosmopolitan Oceanic Bacterium

Stephen ). Giovannoni,"* H. James Tripp,’ Scott Givan,?
Mircea Podar,? Kevin L. Vergin,' Damon Baptista,’ Lisa Bibbs,’
Jonathan Eads,® Toby H. Richardson,? Michiel Noordewier,?
Michael S. Rappé,* Jay M. Short,> James C. Carrington,®
Eric ). Mathur®

The SAR11 clade consists of very small, phic marine a-p teria
that are found throughout the oceans, where they account for about 25% of
all microbial cells. Pelagibacter ubique, the first cultured member of this clade,
has the smallest genome and encodes the smallest number of predicted open
reading frames known for a free-living microorganism. In contrast to parasmc
bacteria and archaea with small g P. ubique has P
pathways for all 20 amino acids and all but a few cofactors P. ubique has no
introns, extrach or inteins; few

paralogs and the shortest intergenic spacers yet observed for any cell.

ndiente.



Number of proteins
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Review Article

Genome size evolution in the Archaea

Siri Kellner', Anja Spang®3, Pierre Offre?, Gergely J. Széllgsi*®, Celine Petitjean® and © Tom A. Williams®

'School of Earth Sciences, University of Bristol, Bristol BS8 170, UK. 2NIOZ, Royal Netherlands Institute for Sea Research, Department of Marine Microbiology and
Biogeochemistry, and Utrecht University, P.0. Box 59, NL-1790 AB Den Burg, The Netherlands; “Department of Cell and Molecular Biology, Science for Life Laboratory,
Uppsala University, SE-75123, Uppsala, Sweden; “MTA-ELTE Lendilet Evolutionary Genomics Research Group, 1117 Budapest, Hungary; “Department of Biological Physics,
Edtvds Lorand University, 1117 Budapest, Hungary; ®School of Bological Sciences, University of Bristol, Bristol BS8 170, UK.

Comparten la arquitectura genémica (ricos en secuencias codificantes)

El rango de tamafo es menor para archaea

+  No presentan tanta reduccion genémica para endosimbiontes y parasitos

Presentan menor diversidad

3
Genome size [Mb]
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Eucariotas

+ Mebranas lipidicas - nucleo / mitocondria / plastidos
+  Empaquetamiento ADN - nucleosomas
+ Cromosomas lineales, telémeros

El aumento del tamafio gendmico en eucariotas multicelulares es una consecuencia de la expansion
de ADN no codificante, incluyendo intrones y elementos transponibles.



1nt=0,34 nm

E. intestinalis 1.5mm
H. sapiens 2m
P. japonica 100m

Eucariotas

+  Gran variacion de tamario (factor 60.000)
+ Elaumento del tamafo gendmico es una consecuencia de la expansion de ADN no codificante

+ Intrones
+  Elementos transponibles
+  Secuencias repetitivas

I J— I

Hom sapiens

Microsporidio ‘ ) . 3.234 Mb Paris japonica 149.000 Mb (angiosperma)

Encephalitozoon
intestinalis

~2,3Mb - 1900 genes

-~
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Level 2

Jeremy D. DeBarry™ 12 and

Level 3

Leve_l_s_

Mol Biol Evol. 2011 Oct; 28(10): 2855-2871.
Published online 2011 Apr 19. doi: 10.1093/molbev/msr103

Jessica C. Kissinger

Level 6

Level 4

Level 1

Jumbled Genomes: Missing Apicomplexan Synteny

12,3

PMCID: PMC3176833
PMID: 21504890

Species Mb Protein #
Plasmodium falciparum o7y~ ~23 5446
Plasmodium knowlesi (H) ~25 5432
Plasmodium vivax (sa_t) ~23 5110
Plasmodium berghei (ANka) ~23 4902
Plasmodium chabaudi (chabaudiy ~23 5098
Babesia bovis (Texas T2B0) ~9 3671
Theileria annulata Muguga) ~8.5 3792
Theileria parva (Ankara) ~8.5 4023
Toxoplasma gondii (me4s) ~63 7993
Neospora caninum (Nc_LIv) ~62 7082
Cryptosporidium muris (RN88)  ~9.1 3934
Cryptosporidium parvum (lowa) ~9 2 3805
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Eucariotas - Animales

+  Gran variacion de tamano (factor 7.000) | g
] . » mndr
+ Lagran mayoria no son “grandes” genomas sald as
+ < 10% superan los 10pg (1 pg= 978 Mb) M
+ Gananciay pérdida de ADN en los distintos grupos (ej: roedores) T
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Dynamics of genome size evolution in birds
and mammals

Aurélie Kapusta®, Alexander Suh®, and Cédric Feschotte™!

*Department of Human Genetics, University of Utah School of Medicine, Salt Lake City, UT 84112; and "Department of Evolutionary Biology, Evolutionary
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Eucariotas - Animales

median

+  Poca variacién comprados con otros taxones, range = Primates f§ bl 64
+  1-2.1Gb aves, 1.6-6.3Gb mamiferos Boreoeutheria Rodents @ Bl | 97
Fereuungulata — 69

+ ero... Eutheria ﬁ
P L L. . . ” ; i: Bats Al —o—t 21
+  Distintos linajes presentan diferente cantidad de ET -~ Afrotheria (R -,
Marsupialia Y\ L 32
Birds -y r—t 762
Crocodilians — 5
P, Tunles* et 44
Squamates&l_ —— 226
E’L"C 200 100 Z" Mya Gb Cr_lv_j_z 4567 N

Fig. 1. Genome size variation in amniotes. Cytological haploid genome size
ranges of different groups of species are shown as black bars (from smallest
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Dynamics of genome size evolution in birds
and mammals

Aurélie Kapusta®, Alexander Suh®, and Cédric Feschotte™!

*Department of Human Genetics, University of Utah School of Medicine, Salt Lake City, UT 84112; and "Department of Evolutionary Biology, Evolutionary
Bioloav Centre, Uppsala Universitv, SE-752 36 Uppsala, Sweden

Eucariotas - Animales
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Eucariotas - Plantas

+ Enplantas terrestres, factor de variacion de tamano de 2400.
+ Reciente gran aumento de informacion, pero sesgada

+  Angiospermas (plantas con flores) solo hay datos para 2100 géneros de 14000.
+  Estimaciones para solo el 3% de las especies
+  Varianentre 61Mby 148.000Mb

Min. Max. Mean ada fiadisia Range in Range Approx._no. No. of Species in Approx.‘ %o ?pecies
(Mb) (Mb) (Mb) (Mb) (Mb) Absolute (Max./Min.) of SpechxeS the Plant DNA Representation in the Plant
GS (Mb) Recognised  C-Values Database DNA C-Values Database

Bryophytes

Hornworts 156 714 244 176 205 558 4-fold 250 23 9.2

Liverworts 206 20,010 1844 740 751 19,804 97-fold 5,000 102 2.0

Mosses 170 2004 504 442 433 1834 12-fold 12,000 184 1.7

Pteridophytes

Lycophytes 78 11,704 1165 117 127 11,626 150-fold 900 57 6.3
Monilophytes 748 147,297 14,320 12,073 11,110 146,549 196-fold 11,000 246 22
Spermatophytes
Gymnosperms 2201 35208 17,947 21,614 21,614 33,007 16-fold 1026 421 41.0
Angiosperms 61 148,852 5020 587 1663 148,791 2440-fold 352,000 10,768 31

Pellicer et al. 2018. Genes



Eucariotas - Plantas

+ Enplantas terrestres, factor de variacion de tamano de 2400.

+  Reciente gran aumento de informacién, pero sesgada
+  Angiospermas (plantas con flores) solo hay datos para 2100 géneros de 14000.

+  Estimaciones para solo el 3% de las especies
+  Varianentre 61Mby 148.000Mb

4

Pterothamnion plumula Genlisea tuberosa 61Mb (angiosperma) Paris japonica 149.000 Mb (angiosperma)

10 Mb (alga) Selaginella selaginoides 78Mb (lycophyta) Tmesipteris obliqua 147.000 Mb
(helecho tenedor / helechos colgantes)

Pellicer et al. 2018. Genes


https://www.algaebase.org/search/?genus=Pterothamnion

Existe un tamano maximo?

+ Mayoriade los eucariotas poseen tamanos pequenos
+  Genomas gigantes importantes para entender la evolucién gendmica
+  Alto costo: secuenciacién y andlisis
+  Datos limitantes
+ Todas las plantas de genomas gigantes son poliploides
+ Los genomas gigantes en animales no estan relacionados con poliploidias recientes



Tope 150Gb?

1) Costo energético.
2) Integridad

3) Espacio fisicoy tiempo
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Modulacion del tamano genomico

HGT

Elementos transponibles
Duplicaciones
Deleciones

+ + + +
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Bacterial species, such as
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Escherichia coli

Streptococcus pneumoniae
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Horizontal Transfer, Not Duplication, Drives the
Expansion of Protein Families in Prokaryotes

Todd J. Treangen'?>"#, Eduardo P. C. Rocha*?

1 Institut Pasteur, Microbial Evolutionary Genomics, Département Génomes et Géneétique, Paris, France, 2 CNRS, URA2171, Paris, France, 3 UPMC Université Pierre et Marie
Curie, Atelier de Bioinformatique, Paris, France

HGT

+  Expansiony contraccion de familias -> variacién de tamafio gendmico (procariotas)

Duplicaciones - cerca del gen del que provienen
- requieren neo o sub-funcionalizacion
- se expresan mas
- conservados en secuencia, redes regulatorias y interacciones fisicas

Xendlogs - pueden conferir una ventaja en el momento que son adquiridos
- expresion media
- menor proporcion de deleciones - tienden a persistir por mas tiempo en las poblaciones



Elementos transponibles (moviles)

Two methods of transposition:

1. Cut-and-paste mechanism

+  Transposones de ADN (cut and paste) e
+ Retrotransposones (copy and paste)) e D}Amum
- Auténomos
- No auténomos
2. Copy-and-paste mechanism
/\interrupled
El 30% del genoma humano son TE auténomos (entre 6 y 16Kb) e G °>Ase““e"‘°
y el 13% no autonomos \
transposon »



Current Biology -
CellPress

Blommaert et al. BMC Genomics (2019) 20:466

https://doi.org/10.1186/512864-019-5859-y BMC GenomICS
Genome Size Evolution: Small Transposons with Large
Consequences RESEARCH ARTICLE Open Access
Sleep,;?tlxﬁz fflg\‘/olutionary Biology, Evolutionary Biology Centre (EBC), Science for Life Laboratory, Uppsala University, SE-752 36, Uppsala, Sm a I I’ b Ut S u rp rIS I n.g Iy re pEtItlve g e n O mes; %%;r
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https://doi.org/10.1016/j.cub.2019.02.032

has driven a doubling in genome size in a
Transposable elements (TEs) heavily influence genome size variation between organisms. A new study on .
larvacean tunicates now shows that even non-autonomous TEs — small TEs that parasitize the enzymatic metazoa ns peCIeS com pIeX

machinery of large, autonomous TEs — can have a large impact on genome size.

- genes MDPY)

Review

Genome Size Diversity and Its Impact on the
Evolution of Land Plants

J. Blommaert', S. Riss', B. Hecox-Lea?, D. B. Mark Welch? and C. P. Stelzer"' ®

Current Biology

Massive Changes of Genome Size Driven
Department of Comparative Plant and Fungal Biology, Royal Botanic Gardens, Kew TW9 3DS, UK; by ExpanSIons Of Non_au.tonomous
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* Correspondence: j.pellicer@kew.org; Tel.: +44-208-332-5337
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Duplicaciones

+  Duplicaciones segmentales
+ De 1000 a >200.000 nt
+ Intra-cromosoma / inter-cromosomas
+  Duplicacién cromosémica o gendmica
+  Aumenta el tamaino gendmico
+  Proveen variabilidad
+  Neofuncionalizacion



Deleciones

+ Pérdidade genes
+  Pérdida deintrones
+ compactacion

e Recombinacién homodloga desigual
e Strand slippage durante la replicacion
e Double strand breaks



Reduccion del GENOMA

2 EJEMPLOS



arthropods

Reduccion del GENOMA
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Oikopleura dioica

Ciona intestinalis

Genome size

Predicted number of genes
Gene density

Genome organized in operons
Intron size

Atypical intron boundaries
Gene loss

70 Mb

~18,000

One gene per 3.9kb

27% (4,997 genes in1,761 operons)
Very small introns (peak at 47 bp).

GA/AG (12% of genes)
Specific gene loss

160Mb (190Mb C savignyi)

~15,300 (12,600 C. savignyi)

One gene per 10.5kb (1/15kb C savignyi)

19% (2,909 genes in 1,310 operons)

Longer introns (peak at 300bp and a thinner
peak at 60 bp)

GUAG (512 introns, 0.53%)

Massive gene loss
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Berna and Alvarez-Valin 2014
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Cryptosporidium Apicomplejos

Species Mb Protein #
. . , __Lovel§ R N
Patogeno intracelular (humanos/animales) Levels | Plasmodium felciparum pory.  ~23 5446
Plasmodium knowlesi (H) ~25 5432
Ca usa R Plasmodium vivax (sa_t1) ~23 5110
Level 3
_Diarrea severa s Plasmodium berghei mwkay ~ ~23 4902
- Infeccidn prolongada y potencialmente mortal el Fiasmodium chaboudi (hebeut) ~23 6098
M M M . B b i bO ik axas 0, -
pacientes inmunodeprimidos — RIARAIIE M) o e
Theileria annulata Muguga) ~8.5 3792
C. parvum presenta 8Chr 9 .1Mb — Theferi panA e e A
La diferencia de tamaino genémico es el resultado o Texoplasme gondi aee) ~63 7993

- Reduccién de regiones intergénicas L Neospora caninum te vy ~62 7082
- Pérdiday acortamiento de intrones
- Reduccion del largo génico

- Menor cantidad de genes

Cryptosporidium muris (RNes)  ~9.1 3934

Cryptosporidium parvum (owa) ~9.2 3805



Complete Genome Sequence of DeveloPTental Cell ﬁs

the Apicomplexan,

C’yPtOSPOf' idium parvum lzcj:iuction and Compaction in the Genome of the

Mitchell S. Abrahamsen,’?*+ Thomas J. Templeton, Apicomplexan Parasite Cryptosporidium parvum
Shinichiro Enomoto,” Juan E. Abrahante,” Guan Zhu,* Patrick | Keeling .
Cheryl A. Lancto,” Mingqi Deng,” Chang Liu,'}
Giovanni Widmer,® Saul Tzipori,® Gregory A. Buck,® Ping Xu,
Alan T. Bankier,” Paul H. Dear,” Bernard A. Konfortov,”
Helen F. Spriggs,” Lakshminarayan lyer,® Vivek Anantharaman,®
L. Aravind,® Vivek Kapur®®

6

Cryptosporidium

Table 2. Comparison between predicted C. parvum and P. falciparum proteins.

Feature C. parvum P. falciparum* Commont
Total predicted proteins 3807 5268 1883
Mitochondrial targeted/encoded 17 (0.45%) 246 (4.7%) 15
Apicoplast targeted/encoded 0 581 (11.0%) 0
var/rif/stevor 0 236 (4.5%) 0
Annotated as protease§ 50 (1.3%) 31(0.59%) 27
Annotated as transporter| 69 (1.8%) 34 (0.65%) 34
Assigned EC function| 167 (4.4%) 389 (7.4%) 113
Hypothetical proteins 925 (24.3%) 3208 (60.9%) 126




Datos recientes 16405

10.000 Virus

97.000 Procariotas § 16403 Arch

1.563 Eucariotas g *  Prokaryotes
* A Eukaryotes
o
= = Viruses
o
)

1e+01
L B 1 |
ftp://ftp.ncbi.nlm.nih.gov/genomes/GENOME_REPORTS Te02 19500 A

Log10 (Genome size Mb)



ADN egoistay de relleno...

(A) (B) e Selfish DNA (Doolitle and Sapienza,

10° - . . - Orgel and Crick)’'80

%
107+ ) - , . ..
4 Aumento del tamafo gendmico por expansion
104 - = 10k / ou de EM
- » E2
3 -
e | S 5t / ® Bulk DNA (Commoner, Benett,
g 12} R= . Cavalier-Smith)'60°70
2 10' = Aumento del tamafio producto directo de la
. - .,
] o s j\. oy o seleccion natural
% Uni - llular eukaryotes ) Volumen nuclear
° * Unice ar euxary -
10 F sL ®  |*Rootcells of land plants| - Tamano celular
osl J A
- Tasadedivision celular
10-2 16, PR | 1 1 ! J | 1 L L L
1w 100 10* 108 10t 10° 108 1wt 1w 1w 10t 1wt 1

Haploid genome size (Mb)



Lynch

Megabases

T ol
” ”
w4k
l,’
-5 1 1
10° 102 107!

Megabases

1072
107
10

-5

107 107 107" 10" 100 10°
Genome size (Mb)

[ Intergenic DNA

1 1 L 1 1

Megabases

10
10*
107
10!
10
107!
102
10°
10+
10°

* Land plant nuclear genome

* Animal nuclear genome

* Unicellular eukaryote nuclear genome
* Prokaryote

* Eukaryotic DNA virus

T

* Bacteriophage
3 _ - 100%
Intronic DNA .l
B //“’, 107
s
e
#° "’o -, 1%
7 8,7 v
” e 7’
/, ,’ ,’ ’/ o'la‘.
” ' & . ’
1’ 7 ’, /’
s . 7 s
’ 20 7 s
” 7’ 4 /’
’I ’ / s
2 N 5 *,7
’/ ’ ’/ ’
,I ” ,/‘Q
7 0 .
’I ” ,‘
- x ”
s e
‘. .’.

#

S sl cedaaninasl a1 i
107 102 107 1P 100 107 100 10!




“en ultima instancia el tamarfio genomico es la consecuencia neta de ganancia y pérdida de adn. O sea en las tasas
relativas de inserciones y deleciones y la habilidad de las seleccion natural de promover, o eliminar dichos cambios”

Lynch
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PHILOSOPHICAL What's in a genome? The C-value enigma
TRANSACTIONS B : <
and the evolution of eukaryotic genome
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Figure 2. Relationships between genome size and (a) gene number, (b) percentage of the genome consisting of protein-coding genes, and (c) proportion of the
genome consisting of introns. {Online version in colour.)
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C-value paradox /7 C-value enigma

+  Contenido de ADN no codificante, resuelve el paradigma
Qué tipo de secuencias estan presentes en los genomas eucariotas?
Como contribuyen en la variabilidad del tamano gendmico?
Cbomo estos elementos se acumulan o se pierden a lo largo de la evolucion?
Estas regiones no codificantes tienen una funcion en la biologia de los organismos?

Por qué algunos genomas se mantienen racionalizados y otros adquieren un inmenso tamano?



