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Temas a revisar

* Genomas virales, bacterianos y arqueanos
e Constitucion de genomas eucariotas
* Aporte de fuentes externas al genoma eucariota

* Duplicacion completa de genomas



Variacion de tipos de genomas virales (koonin, Ev. et al, 2015)
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Variacion de tamafios de genomas (srunk & Martin, 2019)
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Evolucidn de retroelementos y retrovirus
(Koonin, E.V. et al., 2015)
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Evolucion de virus
dsADN a partir de dos
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Origen quimeérico de Virus (Harris & Hil, 2021)

plasmids transposons BACTERIA ARCHAEA EUKARYOTA

ancient MGEs LUCA



Genomas Procariotas



Organizacion de genomas en los tres reinos
(Feng,X et al., 2019)

£> SMC condensin g:* SMC coalescin > SMC cohesin/condensin
@ ParB/parS @ DNA replication origin

A Compartment
(active)

B Compartment
(inactive)

Bacteria (Bacillus subtilis) Archaea (Sulfolobus islandicus) Eukarya (Metazoans)
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Posibles factores que contribuyen a la formacion de
genomas bacterianos (kooning & wolf, 2008)

Oextant genomes wem  vertical inherntance
° extra-and intra-

PannN o cellular mobilome —— horizontal exchange
\ ) ancestral genomes elements
e, 2

=== mobilome exchange



Principales fuerzas evolutivas en procariotas y su
efecto en tamafio del genoma (kooning & worf, 2008)
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Genomas Argueas
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Filogenia de Arquea
(Baker, B.J. et al., 2020)
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La hipbtesis del origen de los eucariotes a partir de
grupo ancestral de Arquea (Briickner & Martin, 2020; Nobs et al. 2022)

(@) Three domains (b) Two domains

Eukaryotes
Eukaryotes

Bacteria Archaea EUKARYA

Bacteria

Archaeal origin |

(€) Archaeal host plus mitochondria (d) Archaeal host plus mitochondria and plastids
: - Algae with
| Symbiogenesis | 2° plastids

; Eukaryotes

Bacteria Archaea Bacteria

Archaea




Genomas Eucariotas



Modelo de origen de eucariotas (wu et al. 2022)
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== , ~ Genes bacterianos (azul) y de
== 1 arquea (rojo) en el genoma
== eucariota (erickner & Martin, 2020)
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Group Archaeal Bacterial

All eukaryotes 0.44 0.56
All without plastids® 0.47 0.53
All with plastids® 0.39 0.61
Land plants 0.33 0.67
Opisthokonts 0.46 0.54
Haaobia 0.38 0.62
SAR 0.50 0.50
Archaeplastida 0.36 0.64
Mycetozoa 0.50 0.50
Excavata 0.58 0.42
Parasites® 0.62 0.38
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Datos sobre genomas entre diferentes grupos indica

una diversidad grande (ot & Gregory, 2015)

genome size
asembled genome size (Mbp)
estimated genome size (Mbp)
discrepandy (Mbp)

average database genome size (Mbp)
maximum database genome size (Mbp)
gene cntent

number of protein-ding genes

total amount of coding DNA (Mbp)
@ding % of estimated GS
average exon length (bp)

total amount of exonic DNA per gene (bp)
average intron length (bp)

average number of introns per gene

total amount of intronic DNA per gene (bp)
total gene region size (introns -+ exons) (bp)
rpetitive content

repeats as % of assembly GS

total amount of repetitive DNA (Mbp)

TE % of assembly GS

base pair composition

o %

animals

115398 + 100.18 (n= 149)
129471 + 1065 (n=189)
165107 + 5.7 (n=127)
4176.06 + 11236
129907.74 (n = 5635)

18943 + 45182 (n=139)
2758 4+ 1.2 (n=90)
104 + 1.12 (n=90)
2188 4+ 928 (n=T70)
1489.54 4+ 3565 (n=9)
21725 4+ 25534 (n=172)
5054047 (n=26)
81915 4+ 2033.71 (n= 29
9533.11 4+ 2090.2 (n= 29)

735418 (n=10)
5941 + 9% (n=10)
23+ 185 (n=100)

3768 + 055 (n=76)

band plants

106582 + 176.86 (n = 83)
149843 + 23252 (n = 83)
44383 + 20626 (n = 80)
612079 + 10758
148 852 (n = 8257)

35577 + 1641.08 (n = 80)
39234+ 181 (n =64
786 + 087 (n =164
25635 + 6.06 (n =55)
115998 + 2749 (n = 63)
430091 + 28.08 (n = 50)
3944038 (n=20)
1804.45 + 28743 (n =1§)
2956.72 4+ 302.28 (n =18

506 +3(n=54
946.23 + 20251 (n =54
3888 + 244 (n =61)

36 4 062 (n=31)

fungi

3498 + 174 (n =218)

35714192 (h=218)
2638 + 1234 (n=6)

6589 + 531

5800 (n = 1916)

9953 + 315.16 (n = 22)
13.059 4 056 (n =97)
4666 + 162 (n =97)
877 + N2 (n=72
139289 + 2472 (n =89
13334 + 687 (n =80
172 4+ 024 (n =50)
018 4+ 2523 (n=38)
165547 + 48.73 (n = 30)

1438 + 175 (n =92
881+ 176 (n =92
1359 4 275 (n =174

4573 4 058 (n = 161)

protists

61.11 4 976 (n =70)
7551 4 2149 (n =70)
10082 + 8756 (n = 10)
na
na

12589 + 114869 (n = 70)
1855 4 216 (n = 49)
4231 4323 (n=49)
60005 + 5337 (n = 40)
149727 + 5449 (n = 49)
20437 4+ 2044 (n = 44)
261 + 066 (n=27)
1047.99 + 47246 (n =19)

2487.97 4+ 55227 (n =17)

19.45 + 398 (n = 26)
2488 + 756 (n = 26)
13.84 4319 (n =28)

47.24 4+ 176 (n = 56)
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Caso 1 Aves: Pérdida y ganancia de

ADN en 10 linajes de mamiferos
(Kapuska, A. et al., 2017)



Neoawes
—

rrrrrrrrrrr

(armine bee-aater

Rar-taded trogon

Emperor penguin

Adelie penguin

Little egret

Anna’s hummingbird

Chimeey swift

Chuack-Wil's-widow

Chicken

\White thioated tinamou

Common ostrich

"""""

Caso 1 Aves: Pérdida y ganancia de

ADN en 12 Iinajes de aves (Kapuska, A. et al.,
2017)



Caso 1 Aves: Tasa de microdeleciones y numero
de eventos en amniotas (kapuska, A. etal., 2017)

A B

deleted t @& 1 everts @ 05 . Genome dedetedt @9 1 events . 05 . Genome
J20kb/My g /20kb/My Species <ize (Gb) /20kb/Ny g /20KbyMy Species size (Gb

Brime s -‘:-#—.— Human * 3.50 A5
—_— ' 4\4.Zebra finch \ 1.25
- -8~ Macaque I 337 PPy -
& . 4 edium
| . @@ Mouse S = e < ground finch . o

S — —@ Budgerigars 1.23
Microbat N 226

Neosvye = Peregrine ‘
Megabat I 237 s 4 ——@ falcon B 145

Dog h 3,12 i |
——& Rock plgeon\ 145

Cow “ 362 —@ Mallard duck’ 14)
Elephant m 4.28 ._-.,~.;;:",,I,, _
e Chicken h 1.25

=

0
!

53 oy
+

® ¢ ¢ ¢ ¢ ©® 9
O
2
|

FOl ey

fFrrYyyyyyvyvyvryvyyvyvvyvyvvyvevycy o YY" ™" """ """ r"rrrrrrer™@mm
- rn o~

100 75 50 25 0 My 100 75 50 25 0 My



gap sizes <30 230 Genome
® 01 @ size (Gb)

deleted nt /10kb /My . 005.

MAMMALS

bbbl Human 3.50
e —— Chimpanzee 168

Macaque

g i Microbat
Brandt's bat

Megabat

CARNIVC 36 <
‘ -9 O
] “—8@— randa

Cat

——&—@— Cow

———&—@— Sheep

Pig

——@— Elephant

———@—@— Manatee

JE

Tenrec

) ] L] L] )

0O My

g -4

———@-@- Bigbrown bat ;:

Downy woodpecker
Cammine bee-eater

Bar-tailed tregon

American crow

Medium ground finch

——  Golden-collared manakin 1:

TS

———

Emperor penguin
Adelie penguin
Little egret

Anna's hummingbird

Chimney swift

Chuck-Will's-widow

Speckled mousebird
Cuckoo-roller

American crow

Common ostrich

—.-.— White-throated tinamou

Chicken

Caso 1 Aves: Tasa de
deleciones de tamano
medio y numero de

eventos en amniotas
(Kapuska, A. et al., 2017)



Number of species

Variacidon en tamafo genoma en plantas (podsworth, s. et al., 2015)

c. 2,400-fold >

2000 -
1800 - -Fragaria x ananassa 0.60 Gb
1600 - -Rosa canina 1.39Gb
i -Ranunculus ficaria 9.12 Gb
-Hyacinthoides non-scripta 20.73 Gb
1200 - -Fritillaria meleagris 46.26 Gb
1000 - -Paris japonica 148.8 Gb
800 -
600 -
400 -
200 -
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Ancestral 1Cx-values

inferred (pg):

B 066-6.18
[ 6.18-17.23
B 17.23-33.81
[ 33.81-44.86
[[] 44.86-50.38
B 50.83-55.91
B 5591-6143

(1) Melanthiaceae: 5.37
(2 Melanthieae: 3.50

(3 Chionographideae: 1.15

(@) Heloniadeae: 3.68
(8) Xerophylleae: 4.47

(8) Parideae: 35.10

Snila npanis
Smifar smally
Amiaethivm muscastaricem
Schosoocaulen macrocarpun
Shozoocaulon fecarun
Verstram maschn
Vevatram bngebracteun
Vevstrom sohndien
Vevstram nigram
Vevatram panafiorum
Vovalrar calformoun
Vevstrore atwm
Verstram fodefisnam
Vevatram wnde
Verstraro grandiioun
Verstrom sfaniresm
Vevatram finbristun
Mevatram wrgincem
Vevstraro wood
Toxicosoordicn fontensm
Taxicosoardin frementv
Toxicascordion panicafsfun
Toxicosoondicn wrenossm
Toxicoscardion micrentbum
Toxicascondion gramisesm
Anliches slogans var. plascd
Anhices ccoviarfale
Anhces wlcanica
Senaethivm densun
Seagethium granisesm
Senaethivm lamastiodes
Zgadenys plabernmus .
amaelviam (wWswn
Chicnograghis jsponics
Heloniops's unbelas
Haloniops’s lsvcanfhia
Halonops's kawancy
Heloniops's onaefa\s var, renscige
Hzloniops’s ovianals var. flawds
Hsloniops’s aviactals
Helonops's koreard
Heloniops’s tubiflors
‘nsiendra canslers’
andva thibslica
Hskonias bulsta
Xeropbylum asphodeoides
Xeropbylum fenat
Paeodinlivm rirale
Ains japonce
Aans polpbple
Fans mare
Aans thibalic
Trihum csmachefoanse
Trilkum tschanoskiv
Trikum lawatense
Trikust cemuom
Trilhum eractym
Trilum flatipes
Trilhue chiovopelalore
Trilhum huradayashy
Trilkum pafloram
Tri\un kofearo
Trikust sracolstue
Trilkum wide
Trikum recarvalsm
Trilkum granificearn
Trilbum ovalsm

.o
Ceere,

0o 5

e Caso 2: Familia Melanthi
aceae con eventos
reduccion/aumento en

tamano genoma (reliicer, J. et
al., 2013)
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1Cx-value (pg)

B 058-647

B 647-1745
[ 1745-2844
B 2844-39.41
O 3941-44.92
O 4492-5041
B s5041-5591
B s591-61.40

Ancestral 1Cx-values (pg) inferred:
@ Xerophylleae/Parideae: 9.84

@ Xerophylleae: 3.57
@ Parideae: 35.85
Q@) Panis/mitium: 4124

() panis: 4373

@ Core of Triliumn: 43.66
genera

subgenera

-
®

r—

Veratrum maackii
Veratrum stamineum
Chionographis japonica
Chamaelinium luteum
Helonias bullata
Helonlopsis kawanol
Helonlopsis orientalis
Helonlopsis leucantha
Heloniopsis umbellata
Heloniopsis koreana
Heloniopsis tubiflora
Ypsilandra thibetica
Ypsilandra cavalerei
Xerophyflum fenax
Xerophyllum asphodeloides
Pssudofrillium nivale
Paris japonica

Faris polyphyfla

Paris mairei

Faris thibetica var. thibetica
Faris thibetica

Faris incomplela

Paris quadrifolia
Trillium undulatum
Trillium govanianum
Trillium camschatcense
Trillium tschonoskii
Trillium taiwanense
Trillium erectum
Trillium flexipes
Trillium erectum x flexipes
Trillium cernuum
Trillium sulcatum
Trillium cuneatum
Trillium sessile

Trillium lancifolium
Trillium recurvatum
Trillium viride

Trillium maculatum
Trillium luteum

Trillium chloropetalum
Trillium parviflorum
Trillium kurabayashii
Trillium decipiens
Trillium discolor
Trillium grandiflorum
Trillium ovatum
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Caso 2 Familia Melanthi
aceae: Cambios en
tamafo de genoma en

tribu Parideae (Pellicer, J. et al.,
2013)
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Caso 2 Familia Melanthi
aceae: Diversidad de

numero cromosomico
(Pellicer, J. et al., 2013)



Caso 3 Teledsteos: Diversificacion Inicial por
estructura del genoma eareyetat, 2023)

(Patterson & Rosen, 1977)
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(Arratia, 1997)
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Caso 3 Teledsteos:
Diversificacion
Inicial por
estructura del
genoMmMa (pareyetal, 2023)



Fraccionamiento/dominancia de genes (izq) y
patrén de expresion (der) en genomas
duplicados (ing e schnabe, 2018)
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Caso 4 Erizos de mar: Cambios en la cromatina originando
nUevos rasgos por presion selectiva(pavison etal, 2022)

e Cambios en elementos reguladores a menudo
correlacionan con patrones de expresion
divergentes de genes (ie. desarrollo),
sugiriendo que las modificaciones evolutivas
han sido consequencia de evolucién
fenotipica

* El papel de los cambios evolutivos en la
configuracion de la cromatina sobre |la
expresion génicay los rasgos (desarrollo).

* Estudio del genoma de erizos de mar:
* Heliocidaris erythrogramma (lecitotrofa) ~ * Se demostro que presion selectiva impuesta
« H. tuberculata (planktotrofa) por cambios en la historia del Desarrollo re-
, , , modelaron rapidamente los elementos cis de
* Lytechinus varieagatus (distante genes del desarrollo principales para generar
planktotrofa) nuevos rasgos y programas embridnicos.



Caso 4 Erizos de mar: Cambios en la cromatina originando
nUevos rasgos por presion selectiva pavison etal., 2022)
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Caso 4 Erizos de mar: Cambios en la cromatina originando
nUevos rasgos por presion selectiva pavison etal., 2022)
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Modelo de apertura de una regién de la cromatina



Los elementos transponibles dirigen el tamano del
genoma (suh, A. 2019)

A B
RNP formation RNP formation
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lGenome expansion
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Current Biology




Estructura 3D del genoma en mamiferos (Lawson etal., 2022)

Topologically assoclated domain Chromatin loop




Papel de los ET en la organizacion de la cromatina (tawson
et al., 2022)

A Demarcate TAD boundary

TE TE
f Heterochromatin Integrity b Maintain higher-order structure

prrx . | _CEe

Iemomsl C Contribute to specles-specific loops
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Papel de los ET en |a
organizacion de la
cromatina (Lawson et al., 2022)
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28104

Tamafo de genomas en

Afrotheria .
vertebrados (Redi & Capanna, 2012)
55%0.6
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Posibles fuentes de
transferencia lateral de

genes en eucariotas (sibbald,s. et
al. 2020)



Transferencia Horizontal de ET en eucariotas y
Animalia (wallau,c.L. 2012)

Cc HTT number D Animalia HTT number
TEs classification Mammﬂe
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Transferencia horizontal de
ET (THET o “HTT”) en
insectos (Peccoud, J. et al., 2017)
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Origination Events

1 Formation of composite SVA SINEs £1 Tarsivs syrichats
2 Formation of composile LAVA SINEs 38 21__ Ateles paniscus
3 Dimaerzation of FLAM, FRAM to form ALU SINEs
4 Dimeriztaion of 10 and B1 to form 10-81 SINEs T Macace mulslts
5 Dw novo ofigination of FLAM SINEs Homo sapiens
& De novo orgination of FRAM SINEs 2 Nomascus lsucogenys
7 De novo origination of B2 SINEs 0,21 Otolernur garnetti
8 Dw novo criginaticn of B3 SINEs Lemur calla
9 Do nowo originaticn of Ped-1 SINEs 21,22 i
10 Dw nowo ariginaion of ID SINEs s mmm‘m P ] ] I ] o d
11 Do nowo orignation of p81 SINEs t
11 Connvagnesnossi e, i S rincipailes transiciones de
14 Dw nowo orignation of CHR SINEs
15 Do nowo orignation of VES SINEs | 7.8.20 T Mus muscules ET g m d
18 Dw nowo orignation of MEG SINEs :7 Paromyscus manicuiatus e n e n O a S e
17 Do novo orignaton of AfroSINE SINEs " COryzomys albiguians 7
18 Dw nowp onignaton of snoRTE SINEs Sigmaodon hispidus m m f
19 Do nowo origination of Mon-1 SINEs 4 9 Padetes capansis a I erOS
Horizenta! Transfor Events
20 Monzontal tracster of SPIN ramsposons Heterocephalus glaber (Plat Il. R.N. et al 2018)
21 Herlzental raester of BAT transgosons —J 141 2% Cavia porcellus 7 1V EN. .
22 Horzontal transtor of piggyBac transposcns letidomys tndeceminesius
23 Mornzontal rarsier of TolMarner transposons Ennaceus euwopaeus
24 Hodizootal rarste of Hellrons . .
25 Morzontal trarsfer of BovB RTE UNEs _’L| Canvs familaris
Reduction or Expansion Everts 2 Felis calus
28 Reduced B1 SINE scivity Equus cabalus
28 Reduced activity of LINE2 LINEs Wmlls i
29 Reduced activity of MIR SINEs . anphiius
30 Reduced LINE1 and SINE actiy Tursiops truncatus
31 Mairsenancs of two LINE1 lineages Moschus fuscus
Arcustral Elaments 1 Bos aurus
32 CR1 LINEs present n ances¥al ganome Anblocaprs amencana
33 LUINE1 UNEs presect In ancestral genome 20.24 Myot's lucifugus
34 LINE2 LINEs presest in ancestal ganome —| K
35 MIR SINEs present in ancestral genome i Minioplarus natalensis
p= Artibeus jamaicensis
i Plaropus alecto
18 Megaderma lyra
Bradypus tridactyfus
Trichechus manatus
2627 | Loxodonta africanus
J0=4 LLE Procavia capensis
4 20.21 EE; ,W ln "' ' p
30 L.
— SarcophWus harrish
— 2021 ' 9
18,19,25.28,20 Monodelphis domestios
Omithyorfhynchus anabinus




Zobra Finch (Taonopygia guttata) -
Chicken {Galls galus) -

Malard Duck (Anas clafyrmynchos)
Crocodie (Crocodyfus porosus)
Gharial {Gaviads gangalicus) -

Non-mammalian vertebrates
Low complexity repeat

Unclassified repeat

Long terminal repeat
Short interspersed repeat
Long interspersed repeal

Aligator {AlNgator mississipplonsis)
Painted Turtle {Chrysemys picta)

Lzard {Anods carolnanals)

Waslem Clawed Frog (Xenopws ropicalis) -
Coelacath (Latimeris chal )]

DNA transposons
Non-repetitive DNA

Mamals

Alpacs (Vicugna pecos) -

Dalphin (Tursiops truncadus) -

Troo Shrew { Tupasa belangen) -

(7 s fus)

Tarsier (Tarshus synchia) -

Pig (Sws scrofi) -

Squirrel (Spermaphiis b .

Shrew (Sorex aranous) -

Rat (Raffus norvegicus) -

Rhesus (Macaca mwafta) -

Magabat (Plaropus vampyrus) -

Rock Hyrax (Procein capansis) -

Chimp (Pan frogiodytes) -

Bushbaby (Odolermur gamatty) —

Rabbit {Oryclolagus cuniowus) -
Platypus (Omdharhynchus anatinus)
Kilar Whale (Ovainus orea) -

Pka (Ochotons princeps) -

Gibbon (Nomascus lewcogenys)

Microbat (Myots iuotugus) -

O (AL .

V L lag

Mouse (Mus muscuiusg) -

Prairie Vole (Microfius ochrogaster) -

M Lemur (M W )

Wallaby (Macropus augont) -

E (Loxodanta africana) -

Weddal Seal (Loptanychodes weddall) —

Human (Homo sapiens) -

Gorlla (GorlVy goriie) -

Cat (Fells catus) -

Hedgohog (Ennaceus europaous) -

Horse (Equus cabalus)

Tenrec (Echingps falfakd) -

Amadilo (Dasypus novemeineius) -

Sloth (Chofoepus hoffmany) -

Guinsa Pig (Cevna porceiius) -

Dog (Canis lupus)

Marmaset (Callthix jacohus) -

Cow (Bos taurus) -

Panda (Alvapods melancieucs) -

1Gb 2Gb 3Gb
Bases occupied

Contenido de ET en
genomas de mamiferos y

otros vertebrados it rN. etal.
2018)



Hipotesis sobre la evolucion del tamafio del genoma
(Blommaert, J. 2018)

Pir % i it %

hypothesis

prediction

DNA amount has no - null
cffect on cell size, R
division ratc and cellular YPORICaS




