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GENETICA

Estudo de genes

Como sao expressos para conferir fenotipos
— Genética da expressao

Como sao passados entre geracoes
- Genética de transmissao




O que é um GENE?

 Unidade fisica e funcional basica da hereditariedade

* Muitos genes codificam polipeptidos

Transcricdo 2 mRNA + Traducdo = cadeia de aminoacidos

* Muitos genes ndo codificam para proteinas
- RNAs funcionais

— Genes ribossomais (RNA ribossomal, rRNA)
— Genes de tRNA




One gene—one enzyme model

The one-gene-one-enzyme model

Gene A Gene B Gene C
A E B E C
Substrate Enzyme » Ornithine o » Citrulline — » Arginine

One-gene—one-enzyme model:

Genes encode enzymes responsible for biochemical cell functions

Ex. different genes coding for several enzymes involved in arginine biosynthesis
(1941, Tatum and Beadle)




Protein-coding gene

Structure of a protein-coding gene

- regulatory DNA element to which a regulatory protein binds

- promoter region where the RNA polymerase complex binds to
initiate transcription

- protein-coding region

Genes have regulatory and coding regions

RNA polymerase
Regulatory complex
otei
sty Direction of
transcription 3
| -
Regulatory Site where the Protein coding
element RNA polymerase sequence

complex binds


https://learn.genetics.utah.edu/content/basics/geneanatomy/

Transmissao e expressao da

Informacgao genética
DNA

Para a transmissao da informacdo tem que

ocorre a replicagdo de todo o genoma Sintese de DNA

REPLICACAO DNA

' Ll - LU i -' - 111} ' Ui - e i Ll -'i 111} 111}
A informacdo genética contida nos genes = 7 ===
7 g . /‘

é lida e executada num processo de 2 etapas: / Sintese de RNA
Nucleotideos TRANSCRICAO

12 transcri¢do - segmentos de uma sequéncia \

de DNA (uma das cadeias simples) sao usados ___'W___

para guiar a sintese de moléculas de RNA

Sintese de proteina

~ . ~ TRADUCAO
22 tradugdo - as moléculas de RNA sao usadas '

para guiar a sintese de moléculas de proteinas PROTEINA

N A

Figura 1-4 Do DNA a proteina. Alberts et al. (2017) Biologia Molecular da Célula. 62Ed. Artmed. Aminoéacidos



Central dogma

Central dogma - information flow between biological molecules

Genética de transmissaQ =————p - Replication DNA - DNA
- Transcription DNA = messenger RNA (mRNA)

Genética de expressao ———| [ .00 mRNA S protein (ribosome)

Information transfer among biological molecules

Replication

Transcription Translation
RNA

» | Protein

Y

/\ DNA mRNA

@M NATN —> — ~—~— —

LS

Replication Transcription Translation
(DNA synthesis) (RNA synthesis) (protein synthesis)




CHROMOSOMES IN CELL DIVISION 05 ym

Chromosomes — transmission vehicles of genetic information
sequences essential for correct replication and segregation

Telomeric Sequ en c e S INTERPHASE MITOSIS INTERPHASE
telomere —
e (0)
Centromeric sequences — | — - — || +
centromere —
S phase - DNA replication 0 SESSIERSICCS
each chromosome = two DNA molecules
sister chromatids - nn
G 1 S G 2 mitotic spindle duplicated
chromosomes
Mitosis - sister chromatids separation Mother cell in separate cells
G1 G1

Daughter cells



CHROMOSOMES VS ALLELES

Chromosomes vs alleles

Pair of homologous
duplicated chromosomes

( 2% \
Locus A .
Centromere
Sister
chromatids

R/_/

Duplicated
chromosome
at metaphase

SN

duplication
(including DNA

Chromosome
synthesis)

Centromere
\
!

Sister
chromatids
eparation
of sister

chromatids

Centromeres

0.5 pm

Sister chromatids



L) uiseon | wame &L
CHROMOSOMES — VEHICLES OF GENETIC INFORMATION

MITOSIS Heterozygous diploid (A/a) MEIOSIS

M |TOSE Centromeres M E I OSE
; . . Premitoti Premeioti z .
- 2 células iguais , DNA replication DNA replication . - 4 células diferentes

a célula mae (2n) l da célula mae (n)

2n 2n
l Single
division
= i -
2n N

Two daughter cells also Four haploid r;neiotic products
2

of genotype A/a 1A za



LISBOA | e o] Upenicr s
THE CHROMOSOMAL BASIS OF (MoNoHYBRID) INHERITANCE U | i

MITOSIS Heterozygous diploid (A/a) MEIOSIS
Centromeres

Premeiotic
DNA replication

Premitotic
DNA replication

Heterozygote somatic diploid cell (Aa)

MITOSIS - A and a alleles replicate
- 1 division
—> 2 daughter cells genetically identical (Aa)

Single
division

MEIOSIS - A and a alleles replicate
- 2 consecutive divisions

= 4 haploid cells (1/2A +1/2 a)

Separation of alleles into different haploid cells

= Mendel’s first law of equal segregation

ocdq1
2

Two daughter cells also Four hapl

eiotic products
of genotype Ala A za



CHROMOSOMES —VEHICLES OF GENETIC INFORMATION

W Gameta

Gameta

-
-0-0-0-0—-~

N

Zigoto

@
F A

Celulas germmatwas\

N\

O
<\
o o
Y '\ Y '\
® 0 ©
F 3 A (A
e000 0000

Células somaticas

J/

Células germinais haploides - n

Em organismos que se reproduzem
sexuadamente, ddao origem aos gametas e
passam informacao genética do organismo
progenitor a descendéncia

Células somaticas diploides - 2n
Formam o corpo de um organismo multicelular



Meiosis
Production of haploid cells
- Haploid gametes

SEXUAL REPRODUCTION
Meiosis - Alternation of diploid and haploid cell generations

THE HAPLOID-DIPLOID CYCLE
OF SEXUAL REPRODUCTION

DIPLOID

MEIOSIS

HAPLOID
‘ sperm ) )

SEXUAL FUSION (FERTILIZATION)
'

DIPLOID

maternal

\ chromosome
paternal
chromosome

Allele for purple flowers

Pair of
homologous
chromosomes

Locus for flower-color gene

Allele for white flowers

Fertilization
Fusion of haploid cells
- Diploid zygote



GENES / ALELLES UJ useon | e &g
Chromosome behavior and inheritance patterns in eukaryotes

— o, __POssible Parent Genotypes
both of us! Parent | Parent 2 Parent 1  Parent 2
Tt [Tt 1T (0T
Child Child
1 1
Parent | Parent 2 Parent | Parent 2
Tt |11 Tt |TT
Child uﬁ Child
11 : 1

One allele from each parent!



Genes e ALELOS

 Qual a natureza molecular dos alelos? Aol |
el I

Allele 2 X

— Alelos sao diferentes versoes

de um mesmo gene AA — active enzyme ——> purple pigment
Aa — active enzyme —> purple pigment
) aa —> no active enzyme ——> white
— Alelo standard designa-se

Tipo Selvagem (Wild type) @ @ Q
AA Aa aa

Ex: cor purpura das pétalas da ervilheira
Via metabdlica que produz o pigmento responsavel (antocianina)
mutacdo = alelo recessivo ndo produz pigmento = pétalas branca

A dominante

-> Heterozigoético purpura - produzida enzima suficiente pela producdo de pigmento



ORIGEM DA DIVERSIDADE - Tipos de mutacoes

Chromosome Mutations

=" Mutacao Cromossomica:

@AmoebaSisters

uplication

alteracdo do numero / estrutura dos cromossomas

@AmoebaSisters

* Mutacao pontuais / Génica: Insertion Gene Mutations Deletion

h @AmoebaSisters
SENGC
2 D A

/| N
() (1)
5 Ny N ;|
Dois principais tipos de mutagao pontual: Substitution
substituicoes ou Indel (insercdo, delecdes)

alteracdo de genes individuais a nivel molecular




Where do genes come from? - Carl Zimmer

» 9 o

—

https://www.youtube.com/watch?v=z9HIYjRRaDE&list=PLJicmE8fKOEiuxzlxoeC7R3-EFUrtaf9t&index=2

4:23


https://www.youtube.com/watch?v=z9HIYjRRaDE&list=PLJicmE8fK0EiuxzIxoeC7R3-EFUrtaf9t&index=2
https://www.youtube.com/watch?v=z9HIYjRRaDE&list=PLJicmE8fK0EiuxzIxoeC7R3-EFUrtaf9t&index=2
https://www.youtube.com/watch?v=z9HIYjRRaDE&list=PLJicmE8fK0EiuxzIxoeC7R3-EFUrtaf9t&index=2

Activity — explore the outcome of Mutation

Genetic Variation: The Outcome of Mutation

Mutation is a process that changes a DNA sequence. But how does a difference in a gene’s DNA
sequence (or genotype) lead to a difference in an observable trait (or phenotype)?

Learn more by exploring the examples below:

Shar Pei dogs Double-muscled Extra-toed cats Curly hair
cattle g

Mendel's wrinkled Disease resistance / Red hair Song learning in
peas Cystic Fibrosis birds

2 -3
e B2 “

The Outcome of Mutation
https://tinyurl.com/MutationOutcome



https://tinyurl.com/MutationOutcome

Activity — explore the outcome of Mutation

Genetic Variation: The Outcome of Mutation

Mutation is a process that changes a DNA sequence. But how does a difference in a gene’s DNA
sequence (or genotype) lead to a difference in an observable trait (or phenotype)?

Learn more by exploring the examples below:

Shar Pei dogs Double-muscled Extra-toed cats Curly hair
cattle g

Mendel's wrinkled Disease resistance / Red hair Song learning in
peas Cystic Fibrosis birds

2 -3
e B2 “

The Outcome of Mutation
https://tinyurl.com/MutationOutcome



https://tinyurl.com/MutationOutcome

Chromosomes — Meiosis and Fertilization

Male parent Female parent

-~
| weoss |

Sperm Egg
Fertilization
Haploid I /
Embryo

-~

Diploid cells contain two copies of
each chromosome.

N —

4~

Meiosis gives rise to haploid
gametes containing only one
member of each chromosome pair.

Fertilization results in the formation
of a diploid embryo, containing
chromosomes contributed by
both parents.

a \l a
2

Heterozigotico Aa - Meiose
- 1/2 gametas A + 1/2 gametas a



Padrao hereditario tipico de um gene com dois alelos
um dominante e outro recessivo

Male parent

Resultado do cruzamento de dois
ratos pretos heterozigéticos
(B = preto e b = castanho)

3 ratos pretos : 1 rato castanho

= Geracdo F1:3:1

Sperm

4 possibilidades diferentes de fecundacdo = 2 fenétipos diferentes 3:1



Interagoes entre os alelos de um gene:
dominancia e recessividade

Homozygous Heterozygote Homozygous

wild type recessive mutant ° ~ o
5 . o Mutacgoes recessivas
(- ) O O Alelo selvagem é haplosuficiente
Protein Functional Functional Nonfunctional
mANA vwlvw VVV\T/vvv wvlvw —uma dose é suficiente para produzir
T T T : o fenétipo selvagem (dominante)
Chromosome  SANPNINDINAN. SNV SINONONINN
j % z - O heterozigoético terd o
Chromosome  SARNINININAN. SNV SISO\ fendtipo do alelo dominante




Padroes hereditarios

1822-1884

* Existéncia de genes — inferida por Mendel pela observacao de
raz0es matematicas precisas nos descendentes de dois

individuos parentais com fenotipos contrastantes

* Esses padroes ainda sao usados para
- deduzir a existéncia de genes especificos que afetam determinados caracteres

Os genotipos sao avaliados indiretamente a partir dos fenétipos

Geneética Classica

Quais sao essas razoes?



Antagonistic Pairs Appearance of Hybrid
(dominant trait)

MENDEL'S EXPERIMENTAL DESIGN: e - o— @
pure lines and hybrids

@ -8 0
1 - Establishment of pure-breeding lines for several M ‘ -
sets of characteristics % |

2- Series of artifitial crosses between individuals that |

differed in only one trait S

Yellow Green

Pod shape (ripe)
Hybrids from parents with antagonistic traits \ ) \“\
- F1 hybrids for 7 traits % o Af}
= observation of only one of the parental traits
- Dominant

X

Yis ¥ Yia
wPe, S 4 . 2P,
\ \ \

Along stem At tip of stem Along stem



MENDEL’S EXPERIMENTAL ORGANISM: Pisum sativum

Stigma

]7 Anthers

©)

Ovules
(Q) within
ovary

(a) Pisum sativum (b) Pea flower anatomy

Hybrid production:

(c) Cross-pollination

Cross- /
fertilization: J
Anthers

removed
= .
previously

pollen
transferred,
dusted onto
stigma of
recipient

Seed
formation

Seed
germination

- Emasculation - remove anthers of the female parents before pollen maturation
- Pollen transfer - from anthers of male parent to the stigma of female parent

—> artificial cross-polination

Fertilized ovule = pea (mature seed)



L ) R % g Pod col Grc} x \ielloj’/‘i-
Mendel artificial crosses and ratios ——1__~ ¢
Parental phenotype F, F, 4 F, ratio )
1. Round X wrinkled seeds All round 5474 round; 1850 wrinkled 2.96:1
2. Yellow X green seeds All yellow 6022 yellow; 2001 green 3.01:1
3. Purple X white petals All purple 705 purple; 224 white 3.15 11
4. Inflate X pinched pods All inflated 882 inflated; 299 pinched 2.95:1
5. Green X yellow pods All green 428 green; 152 yellow 2.82:1
6. Axial X terminal flowers All axial 651 axial; 207 terminal 3.14:1
7. Long X short stems All long 787 long; 277 short \. 2.84:1 )
3 : 1 Ratio

For all 7 traits studied, a ~3

: 1 ratioin the F1



olor :i x “2:} d shapy ? X Constricted |
. . . b % % Pod col ? X Yello =
Mendel artificial crosses and ratios S S
Parental phenotype F, F, 4 F, ratio )
1. Round X wrinkled seeds All round 5474 round; 1850 wrinkled 2.96:1
2. Yellow X green seeds All yellow 6022 yellow; 2001 green 3011
3. Purple X white petals All purple 705 purple; 224 white 3.15:1
4. Inflate X pinched pods All inflated 882 inflated; 299 pinched 2.95:1
5. Green X yellow pods All green 428 green; 152 yellow 2.82:1
6. Axial X terminal flowers All axial 651 axial; 207 terminal 3.14:1
7. Long X short stems All long 787 long; 277 short \. 2.84:1 )
3 : 1 Ratio

For all 7 traits studied, a ~¥3 : 1 ratio in the F1

Why the proportion is not exactly 3:1?



MONOHYBRID CROSSES - hybrids for a single trait

P @ X ' Pure-breeding parental (P) generation
l l Artificial crosses:
Gametes @ @ - female green-pea x male yellow-pea
l><l - F1 generation (first filial)
F, (all identical) Q(Yy X Yy of all yellow peas
% yellow peas
Sperm q2 172 X
|:2 @ Each box: yellow peas
Eggs - A 172 X 12 = 1/4
1/2 @ \ @ Yy ' - F2 generation
Phenotype: 6022 yellow, 2001 green -2| ratio 3:1
1/2 @ !9 ‘ dominant recessive

Genotype: yellow (1/2 Yy + 1/4 YY) + 1/4 green yy



MONOHYBRID CROSSES - Reciprocal crosses

Gametic origin of an allele — no influence on the phenotype of the offspring

Stigma

Ovules
(Q) within
ovary

(b) Pea flower anatomy

]7 Anthers

©)

Qord X Qord
Reciprocal crosses

Cross- y .
fertilization: J sex of two parents is reversed
pollen N
transferred, Anthers
dusted onto removed EX. green pea Q X yeIIow pea d
stigma of " previously I"ECipl"OCE':ll to
recipient
oo yellow pea @ x green pea &
ee
formation
- F2
Seed Ratio 3 yellow : 1 green
germination

in both reciprocal crosses

(c) Cross-pollination

- RECIPROCAL CROSSES = = FENOTIPIC RATIOS



IMEENDEL FIRST AND SECOND LAWS

/Mamdel’s [Awis
A5t s Segreaiton of mleles

7 gene. can exsl”m multiple - forms  clled Alleles

O T =\ T s Q. Sperms:
of'ﬁe's LZQS 0:2:1’&5 o "[Tusmdlmziunl I o
e efes ceas: T T[T
Thus -’,74&\775 ha‘%u:';gglbus FA—-’ J— . ' TE:J

— - x
Rias | ‘
‘ . . ~ s s A Tonaett™
%-—/9,'25 Al E T‘: dominanT

https://www.youtube.com/watch?v=MDTs1ZgQ9E4&ab channel=Genetics

Until 1.5 min


https://www.youtube.com/watch?v=MDTs1ZgQ9E4&ab_channel=Genetics

Y/y

..

Gamete
production

Predicted progeny ratiois 1 {_

(S
<

N =

Cruzamento Teste

-

v’y

l

all y

1
2y/y

-

1
2 Yy

@

fenétipo dominante
(genétipo ??)
X
fenétipo recessivo
(homozigdtico recessivo)

Permite saber o gendétipo desconhecido

A descendéncia mostra a probablilidade dos
gametas formados pelo gendtipo dominante ??

Descendéncia: proporcao fenotipical: 1
= proporcao de gametas Y ey
—>heterozigético



Padrao hereditario tipico
— Cruzamento monohibrido

Forma das ervilhas

- lisas (dominante)
- enrugadas

RR

r
Parental (P)
generation (j' O X Q @ A plant homozygous

A for R is crossed with one

homozygous for r.

R R Gametes r r

\

Sperm
R R
F; generation
0 Q The parental gametes
3 )
combine to produce F,
Eggs Rr Rr plants with the Rr geno-
type and a round seed
- | - EES
Rr Rr
Rr Rr
The heterozygous F, plant
Q X 0 produces haploid gametes
and self-pollinates.

R r Gametes R r

Sperm
R r
F» generation
R 0 O Different combinations of
alleles from each parent
Eggs RR Rr produce two different seed

phenotypes in the 5
r 0 @ generation.
Rr m

The seed phenotypes
appear in a 3:1 ratio.




Sementes enrugadas - Base molecular

(A) SBEI gene (C)

(wildtype round, W) Genotype
EcoRl EcoRl Seed
N DNA phenotype
a q I Duplex

Site of hybridization

with probe DNA Molecular

phenotype

(B) SBEI gene with insertion
(mutant wrinkled, w)

EcoRl EcoRlI
p |

» Sementes lisas (W) vs. enrugadas (w)
<4 Il — K

Transposable element
insertion into SBEI gene

W alelo selvagem codifica starch branch enzyme | (SBEI))
Homozygous mutant allele = no enzyme activity = starch synthesis affected 2 wrinkled peas

Mutation = sequence interrupted by a transposon



GREGOR MENDEL'S FAMOUS GENETICS EXPERIMENT
SHIRLEY TILGHMAN

St. Thomas's ;\l)l)(‘y

BRNO, CZECH REPUBLIC

https://www.youtube.com/watch?v=XgXLVaBjQqw



https://www.youtube.com/watch?v=XgXLVaBjQqw

How Mendel's pea plants helped us understand genetics

https://www.youtube.com/watch?v=Mehz7tCxjSE&ab channel=TED-Ed
3:06



https://www.youtube.com/watch?v=Mehz7tCxjSE&ab_channel=TED-Ed
https://www.youtube.com/watch?v=Mehz7tCxjSE&ab_channel=TED-Ed
https://www.youtube.com/watch?v=Mehz7tCxjSE&ab_channel=TED-Ed

Ex: Flor branca recessiva em relativamente a vermelha

—> sugere que uma sé dose do alelo selvagem
é suficiente para conferir a pigmentacao normal

O alelo e pode conter uma muta¢ao que impede a ligacao da enzina ao substrato

Alelo E I
Alelo e
O —O — O e



EE Homozigoticos ee

Heterozigotico
Ee

e © O
O @

. e ®
39 3%




Heterozigdtico Ee
produz apenas metade da quantidade de enzima do que EE
Se a curva de resposta a variacao na quantidade de proteina é como na figura,
dose suficiente para produzir 100% de pigmento

100

Dominancia

Quantidade 0
de pigmento

Alelo selvagem Haplosuficiente

- Uma sé copia do alelo do tipo selvagem é suficiente

0 50 100

Quantidade de E
Gendtipo ee Ee EE



Alelo selvagem haploinsuficiente
> relagdo entre os dois alelos é de dominancia incompleta

100

Quantidade
de pigmento ¢,

0 50 100

Quantidade de E
Gendtipo ee Ee EE



