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Cierre de Modulo 1 (Evolucion molecular cldsica y genémica)

Lo que ya vimos, ¢ N Hoy,
mas centrados en S. XX @@5@4 *?@L‘!,'@% mas centrados en S. XXI

Existencia de sesgos mutacionales y composicionales Uso de lineas de acumulacion de mutaciones para
estudiar
- Sesgo mutacional y el rol de la seleccion en
su evolucion

Debate entre seleccionismo y neutralismo - Silas mutaciones en si son azarosas, o la
seleccion puede jugar un rol ya en este paso
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Obviamente, siempre hay un ida y vuelta...
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Comparacion entre la Teoria Neutral y el Seleccionismo

La esencia del neutralismo .
Punto de vista

Teoria Neutral seleccionista

Mutaciones

Neutrales

|
B  ventajosas
=

Deletéreas

Sustituciones

Clase pasada: cuadl es la diferencia entre un punto de vista seleccionista y
neutralista
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Comparacion entre la Teoria Neutral y el Seleccionismo

La esencia del neutralismo .
Punto de vista

Teoria Neutral seleccionista

Mutaciones

Neutrales

|
B \entajosas
=

Deletéreas

Sustituciones

>

Clase pasada: cuadl es la diferencia entre un punto de vista seleccionista y
neutralista

Existen puntos en comiin
Siempre asumimos que las mutaciones
son azarosas!
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Comparacion entre la Teoria Neutral y el Seleccionismo

La esencia del neutralismo .
Punto de vista

Teoria Neutral seleccionista

Mutaciones

Neutrales

|
B ventajosas
=

Deletéreas

Sustituciones

Existen puntos en comiin

ﬁ Siempre asumimos que las mutaciones
son azarosas!

“¢.En un ambiente frio tienden a surgir
espontaneamente mas mutaciones que ayuden a
lidiar con el frio?".

Seleccionistas y neutralistas pueden debatir como
se da el proceso evolutivo, pero ante lo anterior
(clasicamente) responden No.

Clase pasada: cuadl es la diferencia entre un punto de vista seleccionista y
neutralista
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The origin of mutants
John Cairns, Julie Overbaugh & Stephan Miller

WHEN populations of single cells are subject to certain forms
of strong selection pressure, variants emerge bearing changes
in DNA sequence that bring about an appropriate change in
phenotype. If the selection is being applied to cells growing in
Titulo liquid, the population with the original genotype will sooner or
Conclusion de esta partev later be supplanted by the variants; if the cells are immobilized
on a plate, the variants will form colonies or papillae, rising
above the rest of the population. Qur problem is to determine

how many of these variants are arising as a direct and sgeciﬁc
response to the selection pressure gwould not have occurred in
its absence) and how many are ‘sgontaneous’ 5would have arisen

even 1n the absence of selection).
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The Directed Mutation Controversy
and Neo-Darwinism

Richard E. Lenski and John E. Mittler

According to neo-Darwinian theory, random mutation produces genetic differences among
organisms whereas natural selection tends to increase the frequency of advantageous

alleles. However, several recent papers claim that certain mutations in bacteria and yeast
occur at much higher rates sEeciﬁcallx when the mutant Ehenolgms are advantaﬂeous.

arious molecular models have been proposed that might explain these directed muta-
tions, but the models have not been confirmed. Critics contend that studies purporting to
demonstrate directed mutation lack certain controls and fail to account adequately for

population dynamics. Further experiments that address these criticisms do not support the
existence of directed mutations.

Esta controversia data por lo menos desde Cairns et al. (1988). Quedan papers opcionales en la pagina.
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The Directed Mutation Controversy
and Neo-Darwinism

Richard E. Lenski and John E. Mittler

A fundamental tenet of evolutionary biol-
ogy is that mutations are random events.
This tenet does not mean that mutation
rates are unaffected by environmental fac-
tors or_that all portions of the genome are
equally susceptible to mutation. Indeed,
enzymes that catalyze certain DNA repair
processes are regulated by environmental
factors, and many mutations are mediated
by mobile elements that are not uniformly
distributed in the genome (I, 2). Rather,
the randomness of mutation refers to the
supposition that the likelihood of any par-
ticular mutational event is independent of
its specific value to the organism (3).
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The Directed Mutation Controversy

A fundamental tenet of evolutionary biol-
ogy is that mutations are random events.
This tenet does not mean that mutation
rates are unaffected by environmental fac-
tors or that all portions of the genome are
equally susceptible to mutation. Indeed,
enzymes that catalyze certain DNA repair
processes are regulated by environmental
factors, and many mutations are mediated
by mobile elements that are not uniformly
distributed in the genome (I, 2). Rather,
the randomness of mutation refers to the
supposition that the likelihood of any par-
ticular mutational event is independent of
its specific value to the organism (3).

and Neo-Darwinism

Richard E. Lenski and John E. Mittler

and mutations (23). We define as directed a
mutation that occurs at a higher rate spe-
cifically when (and even because) it is
advantageous to the organism, whereas
comparable increases in rate do not occur
either (i) in the same environment for
similar mutations that are not advantageous
or (ii) for the same mutation in similar
environments where it is not advantageous
(24). But we emphasize that the reality of

anistic basis, if real, is unknown. Conse-

quently, details of experimental design,
analysis, and inference (and possible limi-
tations thereof) are critical to this discus-
sion.
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The Directed Mutation Controversy

A fundamental tenet of evolutionary biol-
ogy is that mutations are random events.
This tenet does not mean that mutation
rates are unaffected by environmental fac-
tors or that all portions of the genome are
equally susceptible to mutation. Indeed,
enzymes that catalyze certain DNA repair
processes are regulated by environmental
factors, and many mutations are mediated
by mobile elements that are not uniformly
distributed in the genome (I, 2). Rather,
the randomness of mutation refers to the
supposition that the likelihood of any par-
ticular mutational event is independent of
its specific value to the organism (3).

and Neo-Darwinism

Richard E. Lenski and John E. Mittler

(En qué sentido azarosas?
No es un tema espacial,
siempre refiere al efecto
ulterior en el fitness

.Como sucederia esto?

Al momento de la controversia
faltaban mecanismos
amparados en datos...

and mutations (23). We define as directed a
mutation that occurs at a higher rate spe-
cifically when (and even because) it is
advantageous to the organism, whereas
comparable increases in rate do not occur
either (i) in the same environment for
similar mutations that are not advantageous
or (ii) for the same mutation in similar
environments where it is not advantageous

(24). But we emphasize that the reality of

anistic basis, if real, is unknown. Conse-

quently, details of experimental design,
analysis, and inference (and possible limi-
tations thereof) are critical to this discus-
sion.
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Training data

- e o - \’ Conjunto de datos empleado
%‘. %' ‘ - Ya publicado un experimento de lineas MA de 107 lineas de
‘! E ) "‘
¢ " A. thaliana, de 25 generaciones = set de entrenamiento
weling-¢ single-ased  ‘Generation2hz:sequence - Agregan 400 lineas (200 del Norte + 200 del Sur europeo)
descent x 24 generations ~40 seedlings - . .
, - Utilizan bases de datos de polimorfismos observados en
x107 lines naturaleza (1001G), asi como datos de epigenética,

_ _ ) expresion, calculan GC, etcétera.
De novo somatic and germline mutations
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5. 01 - Generan modelos que vinculan diferentes
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-0 4 modelos génicos y las mutaciones de novo.
E5 8§88 E 4 E £35888893ELY9888zT 4 - Las correlaciones estimadas estimadas
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High-mutation probability genes
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Probabilidad de mutacion y funcion celular
Funciones esenciales = baja probabilidad
Regulacidn, respuesta = alta probabilidad

(A veces observamos menores tasas no por purificacidn,
si no porque surgen menos a priori?

(A veces observamos mayores tasas por seleccion y
porque surgen en mayor proporcion a priori?
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Reduced mutation rates in gene bodies Reduced mutation rates in essential genes Greater fitness via reduced mutation load
Epigenome regulators ‘Loaded dice analogy’
|:: :37DNA protection/ O E['F' E[::. |‘_{|':| Fitness .
: ‘Loaded’ dice
@ repair factors Q O ‘Fair’ dice increase
N v ey /:/ N _ \ loreas P(1) < 1/6
—\\-\\D-\\O-\\D-\\D-\\_ I'::::'l OOO ke &
L IL I ]
Essential gene (e.g., Non-essential gene 7
Wpatream Geneibedy Bovmgtraan constitutively expressed  (e.g., environmentally 20 30 40 50
housekeeping) responsive) Sum of 10 rolls
Modelo planteado

Reguladores epigenéticos = Tasas diferenciales de correccidn segiin valor adaptativo = Sesgo mutacional (a priori)

- En el trabajo se asume que muchas correlaciones sustentan el modelo final (asumen causalidad).
¢, Como se puede testear el modelo que proponen ellos? ;Puede haber confounding effects?
- ¢ Las cosas que asumimos como neutrales en las clases anteriores podrian surgir por este mecanismo
selectivo?
- ¢, Hasta donde aporta datos del trabajo a la controversia del 80-907
- ¢,Cuales son los puntos mas flojos del trabajo?
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Sturtevant (1937)

¢Sila mayoria de las mutaciones son
deletéreas... por qué la tasa mutacional
no es practicamente cero?
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<« Sturtevant (1937)
¢;Sila mayoria de las mutaciones son
deletéreas... por qué la tasa mutacional
no es practicamente cero?

Tres fuerzas contrapuestas:

L4
S
3
= . ,
® S - Mutaciones deletéreas  |*Dependen de una asociacién entre lo que
el EERRTER T ERRTY o . .
© E - Mutaciones beneficiosas |sube la tasa mutacional y lo seleccionado
S = (5 - Costo de la fidelidad
=1 c [}
sl B E
oW =
= =28 &y
---. LA R BB B B BB IR & JJ
&l Drift
o 0 barrier
]
oa)



Cierre de Modulo 1 Liu et al. (2021)

«— Sturtevant (1937)
¢;Sila mayoria de las mutaciones son
deletéreas... por qué la tasa mutacional
no es practicamente cero?

wn
c
°
= Tres fuerzas contrapuestas:
® £ - Mutaciones deletéreas |*Dependen de una asociacién entre lo que
o LA R LB A R LR R LY o LR A i .
© 3 - Mutaciones beneficiosas |sube la tasa mutacional y lo seleccionado
S - 5 - Costo de la fidelidad
= = (&3]
© SE D
g T ? En la actualidad primaria la nocién de “barrera de la deriva”
e ¥ Cada vez que aumento la fidelidad, un nuevo aumento implica menos
--I. LE R R B B B B BB BN N . .
o Drift beneficio...
o 08 barrier
) Llega un momento en que la deriva y otros factores impiden mas fidelidad
os)
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«— Sturtevant (1937)
¢;Sila mayoria de las mutaciones son
deletéreas... por qué la tasa mutacional
no es practicamente cero?

Tres fuerzas contrapuestas:
- Mutaciones deletéreas  |*Dependen de una asociacién entre lo que
- Mutaciones beneficiosas |sube la tasa mutacional y lo seleccionado

- Costo de la fidelidad

En la actualidad primaria la nocion de “barrera de la deriva”
Cada vez que aumento la fidelidad, un nuevo aumento implica menos
LE R R B B B B BB BN N

Drift beneficio...
barrier

2° Deleterious mutations

Mutation rate

Cost of fideli

Llega un momento en que la deriva y otros factores impiden mas fidelidad

Beneficial mutations

(Qué factor prima? ;Como evoluciona la tasa y espectro de mutaciones?
Entramos en la idea central del paper...
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Liu et al. (2021)

En el modelo de arriba y las condiciones de a. y b., pu esta
sujeta a seleccion estabilizadora (mantenerse en un
o6ptimo dado por varias fuerzas).

En la hipdtesis de la barrera de la deriva, esta sujeta a
seleccion direccional (bajar lo mas posible).

Cultivan lineas de S. cerevisiae bajo condiciones de
aumento de mutacidn (knockout de gen de reparacion).

Solo resta encontrar una forma de cuantificar p
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initial inoculant

Metodologia para el calculo de p
“The mutation frequency presented is the probability of loss-of-function in CAN1 per cell division”

plating dilution
onto YPD
]

plating onto
canavanine
—_—

plates

counting
colonies

counting
mutant colonies

Liu et al. (2021)

estimating
total number

of cells

number of
mutants
per culture

» Mmutation rate

estimation

Solo sobreviven las CAN1-;
~ CAN1+ mueren por entrada del téxico
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Obtienen p para linea progenitora, MA y utilizan datos de
10° lineas naturales
107 “
% Las lineas MA tienen en su mayoria mayor p, pero 30% esta por
10 .
debajo.
/ / [ /Sy = el progenitor estaria por encima de la barrera de deriva
i = repiten experimento sobre segunda linea MA (ahora
©0001< r=0.64; P=0013 .
i I I i SR MSH2+) y da consistente.
. s . = la comparacion de lineas MA con alto y bajo p muestra rol
>
1015 ! ] i 8 (B0, o L de gen mutador
°
(] ¢ ¢ * o.'
33 23 95 59 28 38 29 85Prog13 77 78 45 25 -8 4 -6 .y I
Strains LS, . Seleccion estabilizadora en p
¢ 2 . r=0.11; P=0.70 o
w 8 o' Se espera Vg/Vm < 4Ne = observan valores por debajo.
o i § - [ ] o z - . .
L RN TR P o Las lineas naturales tienen menos varianza en tasa mutacional
(9] ° 2o
16" ; @ % @ 2LUE Irere . ° respecto a lo teéricamente esperado.
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a b c d eProg33 23 95 59 28 38 29 85 13 77 78 45 25
Strains

a.yb. Seleccion estabilizadora
Varianza en mutacion en lineas naturales es
menores que en lineas MA

c. Relacion transiciones/transversiones
- Ts > Tv en lineas MA respecto a naturales.

- Seleccidn estabilizadora actuando en
lineas naturales, manteniendo Ts/Tv bajo.

d. Sesgo mutacional G:C - A:T

Lineas MA aumentan sesgo. —

- ;(Control génico del sesgo y no sélo
tendencia por equilibrio quimico?

- De nuevo, seleccion estabilizadora



s INBREEDING, RANDOM DRIFT, AND ASSORTATIVE MATING
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FIGURE 2-8. The fixation of neutral mutations. Comparison of the two figures shows that the number
of substitutions is independent of the population size, although the time required for an individual fixation
is proportional to the effective population size. The ratio of fixed 1o lost mutant: is grossly exaggerated.
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